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Th^ intet^ excited in this cotrntty and America by tbis work, 
and the high encomiums that have been bestowed upon it by 
distinguished scientific men at home and abroad, all concurring 
in the opinion that the information and appliances it contains are 
most essential to the Chemist, Geognogist, Geolc^ist, Mineralogist, 
Metalluigist and Agriculturist, have induced the call for a Third 
Edition, — a proof of the increasmg aptitude for this species of 
researcL 

In preparing the present Edition, the English Author has 
endeavored to render it deserving of a continuance of the favor 
with which the previous ones were received. 

For that purpose, the subject of each chapter has been care- 
fully reconsidered, and, in several instances, the matter almost 
entirely rewritten ; many new drawings of apparatus have also 
been introduced, so that the results of the numerous valuable 
researches in this department of Chemistry which have been added 
to science within the last few years, will be found incorporated in 
their proper places, with as much detail as was due to their 
respective importance. When the work was first issued, Dr. 
MusPBATT felt satisfied that its technical nature would preclude an 
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extensiye drculatioii, but that eventually it would come into 
general use. At the present time it is a work of reference in 
every laboratory in Europe and America ; moreover, numbers of 
copies have found their way to Australia. 

The truthfulness of its results are daily witnessed, for it 
enables the mere b^inner to discover the presence of Antimony, 
Arsenic, Bismuth, Chromium, Cobalt, Copper, Lead, Magnesia, 
Manganese, Mercury, Selenium, Silver, Soda, Strontia, Sulphur, 
and Zinc, and a skilful operator can prove infallibly the presence 
of a still greater number of substances. 

Dr. MusPRATT takes this opportunity of expressing his best 
thanks to his talented student, Mr. E. E. Holdbn, for the valuable 
assistance he has rendered him in preparing this work for the 



Coll^ <if C^emutry, Livtrpoolt 
Odobtr, 1864. 
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I.— THE BLOWPIPE. 

This instrument was long employed in the arts, before any one 
conoeived the idea of applying it to chemical experiments, per- 
formed in what is called the dry way. Bebquan tells ns, that the 
first person who so used it was Audbew yon Swab, a Swedish 
Metallurgist, and Counsellor of the College of Mines, about the 
year 1733. He left no work on the subject, and it is unknown 
to what extent he carried the researches which he made vdth this 
instrument. Cbokstedt, who laid the foundations of Mineralogy, 
and whose genius so outstripped the age in which he lived, used 
the Blowpipe to distinguish mineral substances from one another, 
by means of fusible reagents. From their action such modifica- 
tions on the objects to which they were applied resulted, as led 
to some conclusions respecting their composition, and served 
as a basis for the classification he adopted. In his time the in- 
tercourse between men of science was by no means so open as at 
present ; the discoveries of one man were seldom communicated 
to his fellow-laborers, and each pursued his researches with no 
other help than the .experience of the generation which had passed 
away, and become in some measure public property. At such a 
period, Cbonstedt carried the use of the Blowpipe to a degree of 
perfection, that can only result from persevering industry ; but, 
as slight services in the cause of science were not as yet honored 
with general attention, he who at first was afraid to make himself 
known as the author of that system of Mineralogy which has per- 
petuated his memory, still less thought of describing in detail this 
new application of the Blowpipe, and the system he adopted. 
He only published such results of his experiments, as might serve 
to distinguish miuerals from each other, by affording characters 
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4 THE BLOWPIPE. 

peculiar to the different species. VoN EngbstboM, who published 
an English translation of Crokstedt's system in 1765, annexed 
to it a treatise on the Blowpipe, in which he particularly noticed 
the processes of the author, as well as the principal results of 
their application to the minerals then known. This treatise did 
not appear till 1770, and wsus translated and published in Swedish 
by Retzius, in 1773. It attracted the general attention of Che- 
mists and Mineralogists to the use of this instrument ; they, how- 
ever, derived at first little other advantage from it, than as a 
means of ascertaining the fusibility of bodies, and occasionally 
their solubility in borax ; for it was difficult to form a just esti- 
mate of its value, in consequence of the want of that skill in its 
application, which can alone be derived frt)m patience and prac- 
tice, together with a sufficient knowledge of the phenomena pre- 
sented by the various substances used as fluxes ; whilst the diffi- 
culties attending its use were sufficiently evident ; and hence, 
everywhere but in Sweden, the art of the Blowpipe made little 
progress. As in other practical sciences, books alone are weak 
masters to make proficients ; but they who had seen the manipu- 
lation of Cbonstbdt and Von Enobstrom, learned to work like 
them, and transmitted their skill to their successors. Beboman 
went further than Cbonstbdt ; he extended the use of the Blow- 
pipe beyond the bounds of Mineralogy to the field of inorganic 
Chemistry ; and in his hands it became an invaluable instrument 
for discovering very minute portions of metallic matter in analy- 
tical researches. His work De Tubo Femmiinatorio was first 
published at Vienna, in 1779. Bbbqman, .on account of his 
health, was assisted in his experiments by Gahn, who particularly 
applied himself to the use of the Blowpipe in his mineralogical 
studies, in consequence of the readiness with which it affords 
decisive results. The operations which he performed under Bebo- 
man's inspection, who caused him to examine all the minerals 
then known, taught him how each conducts itself before the Blow- 
pipe. Assisted by the experience which he thus acquired, he 
continued to employ the instrument in every kind of chemical 
and mineralogical inquiry ; whence he attained such a degree of 
skill in its use, that by its means he could detect in any body the 
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presence of substances, which had escaped the most careful analy- 
sis conducted in the moist way. Thus when Ekebeeo asked his 
opinion respecting the oxide of Tantalium, then recently dis- 
covered, and of which he sent him a small specimen, Gahn imme- 
diately found that it contamed tin, although that metal does not 
exceed one per cent. Long before the question was started, whe- 
ther the ashes of v^etals contained copper, Berzelius saw him 
many times extract, with the Blowpipe, from a quarter of a sheet 
of burnt paper, distinct particles of metallic copper. Gahn always 
travelled with his Blowpipe, and the continual use which he made 
of it led him to several improvements in its application ; he exa- 
mined a great number of reagents, in order to find new methods 
of arriving at the knowledge of certain substances, and the whole 
was imagined and executed with such sagacity and precision, that 
his results were entitled to the greatest confidence. He most 
readily and carefully instructed those who were desirous of infor- 
mation on the subject ; but he never appears to have thought of 
publishing an account of his labors, nor has it been done by 
others. In all the rest of Europe, only one distinguished Natu- 
ralist applied himself to the study of the Blowpipe and its uses, 
and submitted a large number of mineral substances to its action. 
This was Saussube, justly celebrated for his geognostic researches 
on the Alps of Switzerland. He, as well as Cbokstedt, employed 
the Blowpipe chiefly in distinguishing minerals ; and although he 
made additions and improvements on the subject, he ranks far 
behind Gahn in respect to the results which he obtained. 

The science of the Blowpipe, like all others, still continues to 
unfold new secrets, and offers more beautiful advantages in the 
way of analysis ; for the use of this instrument is not confined to 
the detection of metals in minerals only, but by its aid the per 
centage of many of these, especially the precious ones, may be 
ascertained with surprising accuracy. Habxort was the first to 
draw attention to this course of metallurgic determinations ; he 
published the result of his labors in 1827, but it is to the dili- 
gence and ingenuity of the German author of this dissertation 
that the quantitative determinations by the Blowpipe owe their 
great exactness and simplicity. 
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i Fig. 1. 



The Blowpipe is generally made of 
bxuas. Fig. 1 represents the one do- 
scribed and used by Gahs, and ap- 
proved of by Bebzeuus. 
Its points are turned and bored of three dif- 
ferent sizes, and are partly of Platiniun and partly 
of Brass. The first of platinum, contains the nar- 
rowest apertures, and is employed for qualitative 
analysis ; the second, of brass, is used for such qua- 
litative experiments as require a strong oxidation 
flame, and for heating silver, gold, and copper, in 
quantitative assayings, also for the roasting of cop- 
per, lead, and tin ores, the metallic contents of which 
are to be determined with precision ; and the third, 
which is manuEEkctured of the same material, con- 
tains the widest bore, and is for obtaining the 
quantitative proportions of lead and tin. 

The platinum points, however, are always pre- 
ferable to those of brass, because by a moderate 
red heat used on charcoal before the flame of the 
Blowpipe, they are more easily cleaned from the 
sooty particles obstructing their apertures. This 
method of cleansing cannot be applied to brass 
points, on account of their rapid oxidation ; to 
prevent this, the operator must adapt to the open- 
ing a sharp-point^ fragment of horn, or a small 
needle,2 ground to one-half of its length ; by this 
means, the aperture through which the 
air passes is purified. The black matter, 
adhering to the exterior of the tube, can 
be easily removed with a small wooden or leaden file, upon which 
is placed a quantity of fine moistened bone ash. 

To defend the lips from injury, a mouthpiece of horn — — 
is affixed to the Blowpipe. If, during the act of blowing 
strongly, this mouthpiece be pressed to the lips, partially open 
a much greater blast can be obtained than otherwise ; and when 
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an operator once becomes accustomed to its management, his 
lips will not be £Ektigaed. All who employ this instroment 
should have a suitable mouthpiece. 

A Blowpipe entirel J of silver is not to be recommended for 
quantitative researches^ because at such experiments the manipu- 
lator must often blow uninterruptedly for several minutes, and 
the silver, being a good conductor of heat, becomes so hot that it 
cannot be held between the fingers, unless enclosed in a noncon- 
ducting substance. 



Fig. 2. 
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When the Blowpipe was required for glass, Ber- 
ZELius employed a tube bent to aright angle ; — see 
Fig. 2. This tube will be found convenient, as 
it can be turned in many directions, to suit the 
materials operated upon. 



When the hands are required for examinations, the Blowpipe 
should have affixed a very broad mouthpiece of bone ; as by this 
means it can be held safely. 



IL— THE COMBUSTIBLE MATERIAL. 

In many qualitative examinations with the Blowpipe, an ope- 
rator may employ the flame from wax, tallow, or an oil-lamp. 
These, however, ofier very great inconveniences in consequence of 
the carbonaceous matters which they hold mechanically being 
deposited upon the substance under examination, thus depriving 
the operator of the opportunity of making any notes as to change 
of color or the like ; besides, the heat they afford is never so high 
as to answer the requirements of the assayist; even the gas 
flame, which is the most convenient for Blowpipe operations, can- 
not be used naked, but after a sufficient volume of air is mixed 
with the gas, to oxidize its carbon, this mixture, on being ignited, 
answers every purpose, and is now generally resorted to in all 
laboratories. 



THB BLOWnPE LAJfP. 



The Blowpipe Lamp, — Fig. 3, — has a 
headpiece of the same shape as that used hy 
BsBZELnj& It is made of iron plate, tiimed . 
over, and varnished black As a greater ^ 
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proportion of substance is used in a quantitative than in a quali- 
tative analysis, and also a stronger heat is required, the socket 
in the lamp is wider than usual, so that the flame of the 
Blowpipe may be deflected to any desired point, — ^Fig. 6, p. 11. 



THE BLOWPIPE LAMP. 



The brass ring encircling the socket, must not be too distant 
or elevated, as is the case with those lamps which have the 
top screwed to the ring. In this lamp, the ecrsw is^ aflSxed 
to the external part, so that a cover can be placed over it, 
which, below, is provided with a large margin of brass, having 
fiastened to it a piece of leather, which can be placed over it. 
The leather is attached in the following manner : — ^First, that 
side which ia not ix> he cemented to the brass rim, must be 
covered over with molten wax, and when it hardens, the other 
side must be varnished with a strong solution of shell-lac in alco- 
hol ; over the brass edge rub also some of the solution, and then 
keep the leather pressed upon it for some time. When the spirit 
has evaporated, tlie shell-lac remams as a durable cement. The 
screw in the lamp does not permit a drop of oil to escape. 

If a separate opening for pouring iu the oil be made at the 
upper part of the lamp — b — according to the proposal of Harkort, 
it must be wide enough to enable the operator to ascertain how 
high the liquid reaches. A screw can also be adapted to this 
opening, as the figure in the drawing shows. 

The wick must be cotton ; and, before it is immersed m the 
oil, it should be folded together three or four times, and then cut 
parallel with the oblique side of the socket to Fig. 4. 

allow the flame to be easily directed downwards. 

The lamp for experiments may be placed on 
the brass stand a, and fastened by a screw a, to 
the brass pillar. 

On the same apparatus may be. adapted 
a brass triangle c, containing three bars of 
different lengths, and a movable arm. This 
triangle serves as a support for drying or 
fusing any article over the flame of an oil 
or spirit-lamp. 

A small spirit-lamp may be profitably used 
for heating substances, containing volatile in- 
gredients, in glass tubes or alembics, and for 
melting various assays with bisulphate of po- 
tassa in the platinum spoon, et cetera. For 
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10 BLOWINQ AND DBSCBimOir OF THE FLAME. 

this puipoBe BERSSLnre used a small phial of strong Am, with a 
ground top, in which is inserted a tube of mtvex or iron, for con- 
taining the wick. Fig. 4 shows a rertical section of such a lamp, 
which is about one and a half inch in diameter. Although a 
small brass lamp of another form is sometimes used, still, the 
glass one, if carefully handled, is in every respect preferabla 

III.— THE BLOWING, AND DESCRIPTION OF 
THE FLAME. 

The air of the Blowpipe is obtained from the mouth, and not 
from the respiratory organs, because they could not, without 
£sitigue, afford a sufficient stream. The current of air is forced 
through the tube by the action of the Musovli Buccinatores, 
which are in the cheeks. During the blast, the communication 
between the chest and mouth is closed, so that respiration is 
carried on through the nostrils. 

Until a person is accustomed to the use of this instrument, a 
strong and uninterrupted stream cannot be obtained ; but after a 
few days' practice the process becomes easy. The fear of blowing 
being injurious to health is soon removed, 
-p. To obtain an intense heat by blowing on the lighted 

'^ combustible, requires a previous knowledge of its va- 
rious parts ; for on eiamining the flame of a lamp 
which does not emit smoke, it will be found divided 
into many. This appearance is more clearly to be 
seen in the flame of a wax or tallow candle, where 
four distinct portions are noticed. Fig. 6 represents 
a flame : a fine clear blue color is visible at a 6 ; this 
azure tinge surrounds the burning wick, but becomes 
less distinct as it ascends, and, where the flame elon- 
gates perpendicularly is wholly diffused. In the cen- 
tre of the flame is a very dark conical portion c ; this 
part is encircled by d, the sphere whence nearly all the light ema- 
nates : external to this is a, e, b, which part affords scarcely any 
light, but gives out more heat than any other. The hottest part 
of this exterior flame is at/; the heat diminishing towards the 




THE OXIDATION FLAME. 



11 



summit e^ and base a b. When a very fine iron wire is introduced 
horizontally into the flame, it expands and becomes of a white 
heat, at the outer part a, «, b, whilst at c it barely assumesa red one. 

The cause of this phenomenon is as follows : — The small in- 
terstices of the wick, like other porous bodies, imbibe the melted 
tallow or wax, which is a combination of carbon, hydrogen, and 
oxygen ; these by heat are converted into an empyreumatic oil- 
two of the compounds of carbon and hydrogen, carbide of hydro- 
gen and defiant gas, and carbonic oxide, which bum and produce 
flame. The external part a, e^b ia the hottest, because it is in 
contact with the atmospheric air which supplies oxygen. The 
small blue matgin is produced fin>m combustion of carbonic oxide 
and a trifling proportion of carbide of hydrogen. The inner dark 
cone is filled with combustibles which are only partially consumed, 
on account of the air which passes through the flame being de- 
prived of its oxygen by a, e, b. 

Of the four different parts of the flame, three are as eaedly per- 
ceived in the flame of a lamp as in the flame of a candle ; but the 
last a, ^, b, if at all seen in the flame of the latter, must be very 
indistinct, as it only disperses a small quantity of light. 

The following are the three parts necessary for researches with 
the Blowpipe : — the blue, a, 6 ; the one which produces much 
light, d ; and the outer, a, e, b. As the first and second are the 
most essential, they will be described at lengtL 
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When an operator with the Blowpipe blows lengthways on the 



Fig. 6. 




flame of a lamp, so that 
the air just passes over 
the wick. Fig. 6, a long 
narrow blue flame will 
be formed, — ^which is the 
same as a 6, Fig. 5, ex- 
cepting in 8h2q)e; — ^the 
flame of Fig. 6 is conical, 
that of Fig. 6 ovaL The 
heat is greatest at the 



12 THE REDUCTION FLAME. 

extremity of tliis flame, because it is there the laigest quantity 
of air sent through the Blowpipe is consumed. 

In the free flame, the warmest part forms a girdle round the 
whole, the heat being most intense at / Where the heat is 
greatest, substances which are not acted upon by an ordinary 
flame, oxidate, melt, and evaporate. The further the matter can 
be kept from the apex of the blue flame, in a temperature suffi- 
ciently high, is favorable to oxidation, because the atmospheric air 
will have free access. The operator must not blow too strongly, 
as it would be very deleterious to oxidation, especially if the assay 
rests on charcoal The wick must be evenly cut, and kept fr'ee 
from all fibres, otherwise yellow streaks, which have a reducing 
effect, will be mixed with the blue flame. If these directions be 
adhered to no difficulty can be found in ascertaining how fieix the 
tube should be introduced to produce the oxidating flame. It 
will be found most serviceable, not to have the opening too small 
in the point of the Blowpipe. 

THE REDUCTION FLAME. 

By allowing a stream of air to pass over the wick, at a greater 
distance than in the production of the oxidating flame, the whole 
ignited mass receives the same direction, and appears as a long 
narrow luminous cylinder, the end being surrounded by that part 
of the flame which emits only a small degree of light By forcing 
the air as described, the particles rising from the wick, which are 
perceptible in a free flame, are consumed, and the heat becomes 
concentrated in a less space. If such a flame be directed upon a 
metallic oxide, so that the point covers it totally, the 02cygen will 
be eliminated, either partially or entirely, according to the stability 
of the compound, or the materials upon which it is exposed, — > 
charcoal, or platinum wire. 

If the reduction of a peroxide into a protoxide be attempted on 
a platinum wire, it will succeed, completely, only when the assay is 
surrounded with the luminous part of the flame : this effect can 
also be produced in the blue part of the flame, with easily reduci- 
ble metallic oxides, if the accession of atmospheric air be prevented, 
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and the substance rest on charcoal. When the oxide of lead is 
mixed with a borax-glass, it can be reduced to the metallic state, 
upon charcoal, with as much facility in the blue as in the bright 
part of the flame. Even if a piece of tin be liquefied upon char- 
coal in the blue part of the flame, no oxide is formed, because 
oxidation cannot take place when atmospheric air is excluded from 
the surface of a molten mass. The foregoing results avail for 
some, but not for all reducing tests upon charcoal Positive indi- 
cations are attainable only in the bright part of the flame. The 
reducing flame is much more difficult to form than the oxidating ; 
for this reason, the following directions must be studied. 

a. The wick should not be drawn too high out of the holder, 
nor must it be too short ; because in the first case a smoky flame 
would ensue, impeding reduction, from the deposition of soot upon 
the assay, and in the second, the substance could not receive suffi- 
cient heat, if surrounded by the limiinous part of the flame. 

b. To ensure exact results, have the wick evenly cut, «,nd per- 
fectly free from all extraneous fibres, as in the production of the 
oxidating flame. 

c. To secure success, when the reducing flame is produced, let 
it be kept uninterrupted. 

And lastly, — 

d. The operator must use great precision as to the treating of 
a qualitative or a quantitative analysis. For qualitative exami- 
nations, a Blowpipe with an aperture narrower than that for oxi- 
dation is employed ; but for quantitative researches, which should 
be always performed on charcoal, a Blowpipe with an opening 
rather wider is necessary. As, in many qualitative analyses, the 
flame has often to be altered, and a different point of the Blowpipe 
affixed, it is better to employ a point with a narrower orifice, be- 
cause, with one of too large a calibre, oxidation is more easily 
effected than reduction. 

IV.— THE SUPPORTS. 

1 . Charcoal. — ^When a substance requires melting, it should 
be exposed to the flame of the Blowpipe upon a body that will 
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augment the heat, without combining with the assay. The best 
substance to employ for this purpose is well-burned pine. It 
should be cut with a saw into long pieces, partly in the shape of 
a parailelopiped, and partly four-sided like a prism. For qualita- 
tive analysis use the long sides of the charcoal, where the annular 
rings are on the margin ; and for quantitative use the interior 
part 

2. Plathotm Wibe. — ^A moderately strong wire of platinum, 
about two inches long, and curved at one end, may be employed 

Fig. 7. in many qualitative examinations with great ad- 
^ vantage. — Fig 7, a. — The curve serves as a support 
"S in all tests of oxidation and reduction, where alte- 
ration of color only is to be observed. This support 
can be relied on, for it is totally free from the false 
variations of color which are too often perceptible 
when the assay rests on charcoal. In the treat- 
ment of compound metals, or in such tests of re- 
duction where a body easily melted is to be operated 
upon, charcoal must, however, be used. It is ne- 
cessary to have at hand several platinimi wires, so 
as to proceed without being obliged to take off with 
force the glass adhering, after the extraction of the 
bead, or to wait for its solution in hydrochloric acid, — ^which is 
the better mode. 

Should it happen that the platinum curve melts with the re- 
agents, it must be cut away, and a new one formed. A wire can 
be used for a very long time, and when it becomes too short to be 
held between the fingers, the straight end may be fastened into a 
cork, or a hilt containing a box for holding the rest of the platinum 
wires, until any of them are required. — See Fig. 7, b. 

3. Platinum Foil. — The use of platinum foil in qualitative 
examinations is very limited, but in some cases it may be suc- 
cessftdly employed. Foil of thin drawn platinum, a few inches 
long, and half an inch broad, should be selected. This metal is 
such a bad conductor of heat, that when the assay is exposed to 
the flame of the Blowpipe at one end, the other may still, with- 
out inconvenience, be retained between the fingers. Bodies in 
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the metallic condition which are easily fused or reduced^ should 
seldom be tested upon platinum foil, because, from its combining 
with them, a hole might be produced in the metal Should 
this occur, the hole can be lopped off with a scissors, and then, 
if the platinum be found too short, it can be easily held by for- 
ceps. Salts, or substances containing manganese, can in general 
be melted upon j^tinum foil; by this means the alkaline 
and earthy salts are distinguished, and the presence of manganese 
is recognised by the dull green color communicated to soda, upon 
cooling. 

4. Glass Tubes. — ^When the volatile ingredients contained in 
ores and minerals were to be ascertained, Bebzelius employed a 
glass tube, from three to six inches in length, a quarter of an inch 
in diameter, and open at the ends. The body to be analyzed is 
inserted at one end, and heat applied to that part of the tube. 
If the compound requires only a slight degree of heat, the flame 
of a spirit-lamp will suffice ; on the contrary, if a strong heat is 
necessary, the flame of the Blowpipe must be used. The volar 
tile bodies, liberated during the roasting, sublime in the upper 
part of the tube, where they can be examined. 

5. Glass Flasks. — ^If the quantity of water, or Fig. 8. 
gaseous ingredient, contained in any substance, be ^ ( 
required, or if a body, when heated strongly, decrepi- 
tates, a glass flask must be used, of the form of Fig. 8. 
If the small alembic be sufficiently wide for the free 
circulation of air, the vaporized bodies will be easily 
obtained. Flasks must not be employed in the sub- 
limation of sulphur, arsenic, et cetera, lest combustion 
should ensue. 

A supply of glass tubes and small flasks should 
always be in reserve. After the roasting has been performed in 
a tube, the part containing the fused substance should be removed 
with a file, and the remainder of the tube cleansed with the aid 
of a spirit-lamp and a wire enveloped in soft paper. When the 
tube becomes too short, one end can be sealed, and it may be used 
for tests of sublimation only. 

6. Two Platinum SpooNa — The form of these utensils is 




16 



THE SUPPORTS. 



^^ 



shown in the annexed woodcuts. The diameter of Fig. 9 is 
Fig, 9. 9-16ths, and that of Fig. 10 

3-8ths of an incL The larger 

^ ^ spoon has a handle of platinum, 

> joined by rivets of the same me- 
' tal, which can be encased in wood; 
the small one, when heated, may 
Fig. 10. be held with pincers. 

^^m^ The first is used for melting various 

\^' *\ substances with bisulphate of potassa, and 
~ for hating gold obtained in quantitative 

assays ; and the second, for fusing sub^ 
stances with nitrate of potassa. In some cases, when bodies con- 
taming water are heated with nitrate of potassa, the platinum 
spoon becomes tarnished with the remaining particles of metallic 
oxides, these may be removed, either by a drop of sulphuric acid, 
or by a hot solution of bisulphate of potassa. Rubbing the plati- 
num spoon with charcoal powder is however the most effectual 
method of removing stains. 

7. Clay Basins. — ^In quantitative determinations, basins are 
employed for roasting the Ores, and for the reduction of the lead 
Fig. 11. and tin oxides contained in calcined and un- 

calcined minerals, et cetera. These dishes 
are formed in the following manner : — at 
first a fire-proof clay is kneaded into a stiff 
paste with water, and then the forming 
surfaces of the press, which are of box-wood, 
— Fig. 11, A B, — are rubbed over with a paint- 
brush dipped in oil. The width of A at the 
upper part, is 7-8ths of an inch, and the 
depth 5-16ths ; and B is constructed of a dia- 
meter smaller by the 32nd of an inch. Over 
the middle of the concavity of the press, place 
a slip of paper, three inches in length, and a 
quarter of an inch in breadth, and upon this 
a small clay ball about half an inch in diameter. 
Then take part B of the press, and stamp it horizontally upon the 
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clay mass lying in part a, as far as is required. This being ac- 
complished, the superfluous clay will have exuded, and b can be 
removed easily, by careful turning. With a small knife, cut away 
the clay which is driven out, and then examine the margin, to 
learn if the basin be uniform throughout, and sufficiently thin. 

Fig. 12 shows the cross section of one of these pig. 12. 
basins, which is only one thirty-second of an inch thick. 

If the basin be thicker in one place than in an- 
other, B must be applied with greater force to that part When 
the basin is ready to be taken from a, the convex part of the 
press must be carefully removed, and then the slip of paper 
gently pulled, to extract the clay disL The utensil, with the 
slip of paper adhering, is now put away on a stone to dry, and 
the press is ready for the formation of others. 

An operator unused to this work will find that sometimes the 
basins alter in shape after leaving the mould ; but this can be 
remedied by pressing them with the fingers upon the convex 
part, B. 

A few hours after drying, the slip of paper ftlls from the clay 
dish. When this occurs, the basin must be heated to redness 
over a fire, in a potter's vessel, or in a platinum crucible over a 
large spirit-lamp. 

In calcination, when these vessels are used, one may often serve 
as a lid to the other ; but, for this purpose, their edges must be 
ground with a file. 

No labor should be spared in manu£Eu;turing these basins so 
as to make them sufficiently thin. The clay must be made 
neither too stiff nor too moist ; the first &ult will prevent the 
vessel aBsnming a proper form, and the second endangers its 
falling to pieces when removed from the machine. The true con- 
sistence of the clay can be ascertained by two or three experiments. 

8. Clay Gbuoibles. — These crucibles are employed with 
advantage in the performance of quantitative lead assays, and in 
cases where the compound to be examined consists of sulphides, 
arsenides, and selenides. They are easily manufactured with an 
iron instrument, consisting of a mould and a stamp ; the mould 
being composed of two parts, united by a ring. 

c 
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Fig. 13. Fig. 13 gives the fonn of this inatra- 

ment. The Stamp, a, is so bored through 
at four parts, a, that the internal dia- 
meter of each orifice is little more than 
the diameter of the side : but the cross 
section of the outer part is nearly the 
double. These perforations serve for ex- 
tracting the superfluous day that has 
been phiced in the mould for the forma- 
tion of a crucible. The forming part is 
three-quarters of an inch in diameter at the 
top, and five-eighths of an inch long. 
The Mould, b b, consista of two parts, 
accurately joined, which form at the outside a truncated cone. 
At the inner side, the distance of each part is one thirty-second of 
an inch firom the Stamp ; and the edges near 6 are flattened, so that 
small depressions may be produced in the two opposite points of 
the mould, to prevent the crucible from being injured when the 
stamp is withdrawn, o o is the binding ring into which the 
mould is fitted, so that, when undasped, the mould fiolls with it 
exactly into a plane. 

For the formation of these crucibles, a stifi" paste is prepared 
with fire-proof clay ; when this paste acquires a certain dryness, 
it is worked with the fingers into small balls, each containing 
more clay than is required for the manufacture of one of these 
vessels. Before introducing one of these balls into the mould, the 
forming parts and the stamp are well smeared with oil, by means 
of a fine brush, and then the mould, with the binding ring, is 
placed on an anvil resting upon a folded cloth to give elasticity. 
When the machine is thus arranged, the stamp is struck perpen- 
dicularly upon the ball with a mallet, until the protruding part, 
e Cf rests on the margin, dy of the mould. The stamp causes the 
clay in the mould to spread, and the superfluous portion escapes 
through the small apertures at a. After the stamp has remained 
in the mould for about five minutes, it is gently screwed out ; by 
this means the clay contained in the openings, a, and which is 
still in conjunction with the crucible, is smoothly removed. 
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To extract the crucible requires great Ga«re. The binding ring 
is first taken off the mould, and then the two sides B B are 
slightly struck with a hammer ; this causes them to separate and 
fall open at b b, and the crucible remains perfectly detached, 
upon e. The crucible, when cleansed firom adhering clay by a 
small knife, is dried and heated in the same manner as the clay 
basins. 

9. Soda Pafbb. — In heating the quantitative silver assays 
before the Blowpipe, Habkobt found it necessary, instead of 
laying the ore, mixed with reagents, npon charcoal, to enclose the 
mixture in a substance that will resist the first effects of the 
flame of the Blowpipe, and prevent any . loss of the particles. 
After some investigations, be ascertained that fine letter-paper, 
saturated with a solution of soda, was the best This paper, 
which is made use of advantageously, not only in silver, but also 
in many more quantitative analyses, is prepared in the following 
mamier : — ^In a flat basin, dissolve half an ounce of crystallized 
carbonate of soda, perfectly firee from any sulphate, in one ounce 
of distilled water ; tiien steep a number of strips of fine letter- 
paper in the solution for a few minutes, and allow them to dry in 
the open air. When dry, cut them into pieces, one inch and 
three-^hths long, and seven-eighths of an inch broad. 

10. A MiXTUBH of geven parts of Charcoal toith one part of 
Clay. — ^This mixture is used for lining the clay basins in which 
Lead and Tin ores are to be calcined. It is best prepared as 
follows : — ^Weigh seven parts of fine dry charcoal powder, and one 
part of finely sifted clay ; mix the latter with water, and then add 
the former ; next, knead the mixture into a paste. The tenacious 
mass thus formed is dried in a warm stove, and reserved for use. 
When a basin is to be lined with this mixture, a small quantity 
of it must again be moistened, and strongly rubbed over 'the 
interior of the vessel employed for calcination. The thickness of the 
lining at the bottom of the basin must be about one sixteenth of an 
inch, and at the top rather less. When this operation -pig. 14. 

is finished, the clay dish is placed upon the triangle, ^ 

c. Pig. 3, and dried over a spirit-lamp. Fig. 14 shows ^^^^ 
the cross section of such a lined basin. 

2 
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y.— INSTRUMENTS, bt cetera, REQUISITE IN 
ANALYSIS WITH THE BLOWPIPE. 

1. A Balakce. — ^The operator can please himself as to the 
form and quality of the balance. It may, however, be useful to 
give a few rules which will be applicable in the choice of it, and 
then point out the methods for testing its accuracy. 

It should be of sufficient strengdi to bear from seventy to 
eighty grammes on each scale, and must be enclosed in a glass 
case to protect it from dust This case must not be too small, 
and especially its sides should not approach too near the beam ; 
the anterior wall should be divided into three parts, the centre 
one being fixed, and the two ends opening as sashes. 

The balance must be provided with a proper contrivance to 
render it immovable whilst the weights are being placed on the 
pans. The best arrangement is that which raises the fulcrum and 
end edges from their supports, keeping the scales steady at the 
same time. It is most convenient when the operator can perform 
this part of the process without opening the case. It is necessary 
that the balance should be provided with an index to mark its 
vibration, and it should have a pendulum, or two hydrostatic 
scales for placing the edges exactly on a horizontal level ; for this 
purpose it is best that the case should rest upon screws. 

For weighing the milligramme and its fractions, the beam 
should be divided into ten equal parts accurately marked ; on 
these marks or points a centigramme crotchet or hook is sus- 
pended instead of placing the weight on the pan. 

The beam should have a screw to adjust the centre of gravity, 
and also two screws to regulate the length of the arms. 

The following experiments serve to test the accuraqr and sen- 
sibility of a balance. 

a. Should the scales not be perfectly equal, they are accurately 
adjusted by means of tinfoil, and a milligramme weight is placed 
in one of them. A good and useful balance must distinctly turn 
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with this weight ; a delicate chemical balance should indicate 
even O'l milligramme. 

b. When both pans are loaded with the maximum weight the 
construction of the balance will admit of, and a milligramme is 
added to the weight in one scale, the beam ought to turn to the 
same degree as when the pans are unloaded. 

<?. Both scales are equally loaded with, say fifty grammes ; the 
weights are then interchanged so that those of the right hand pan 
are transferred to the left, and vice versd. A balance, the arms 
of which are perfectly equal, must maintain its equilibrium upon 
this exchange. 

The balance is set in motion, then arrested, and subsequently 
set in motion, until it recovers its equilibrium. If its quality is 
good, it will invariably assume the original position. 

Fig. 15 represents an Oebtiino's balance, which is the one 
generally used 

Fig. 15. 
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2. A Sbtof Weights. — ^Weights, above 100 miUigmmnes, are 
seldom required. It is best, however, to have a box oontaining 
the Gramme and its divisions. 

These, to preveiit their oxidation and the adherence of foieign 
matter, should be kept in close boxes, well lined. They should 
on no account be touched by the fingers, but lifted, when wanted 
for use, with a pair of forceps. 

Yig, 16. 8- A MiOBOSOOFE is indis- 

pensably necessary, in various 
operations to distinguish the 
effects of the flame and the 
diameter of metallic globules. 
An instrument formed of two 
fine plano-convex lenses — ^Fig. 
16 — of equid magnifying power, 
is veiy suitable ; they must be so 
arranged that, when required, one 
can sUde over the other, by a 
movable arm. 

4. FoBOEFS. — ^Various kinds of 
Forceps are needful for experi- 
ments with the Blowpipe : — 

a. One with platinum points, 
to hold a small lamina of a speci- 
men in the flame in order to try 
its fusibility — Fig. 17. 




Fig. 17. 






r> 
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b. One much broader a;nd stronger than a pincers, for detach- 
ing small fragments from a specimen^ without the formation of 
much dross. Fig. 18. 



Fig. 18. 




c. One 
steel— Fig. 19— 
is employed for 
removing the 
scorisB in silver 
and gold assay- 
ings, and in various other operations, 
and its inner surfaces rough. 

d. One of brass, for holding small fragments of minerals, 
et cetera, in the flame. Fig. 20. 

Fig. 20. 

3 



Its points must be broad, 




e. One of brass, with points exceedingly fine, for raising the 
weights, et cetera, and placing the silver and gold globules upon 
the graduated scale ; and, 

/ One of iron, for trimming the lamp wicks. 

6. A MoBTAB AND Festle of Affote ; or of Calcedony, which U 
preferable, — ^This should be about 2^ inches in diameter, f of an 
inch high, and 7-16th8 of an inch deep, transparent at the bottom, 
and free from fissures : they are not only applicable to the pulve- 
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Fig. 21. 



rization of subBtances that are to 
be qualitatiyely examined, but 
also for purifying the scorise and [ 
coaly particles of reduced metallic 
globules. When very hard sub- 
stances are triturated in a mortar 
similar to this, small cracks may 
appear, which the particles of the minerab 
fiU, and produce false results. To guard 
agamst these, an operator, before each exami- 
nation, should levigate some fine moistened 
bone-ashes in the mortar, which will be found 
completely to fill all the small crevices. 
Gahn having once lost the pestle of a mor- 
tar similar to the one above described, took 
a button of calcedony,- and fiustened it with 
sealing wax to a cork This new pestle an- 
swered so remarkably well, that it was the 
only kind he ever used afterwards. Berzeuus 
states that he was obliged to have recourse 
to a similar expedient. 

6. A Hammer. — This instrument should 
be of hardened steel, similar in shape to Fig. 
21. When the broad sharp end becomes 
blunt from continued usage, it may be easily 
repaired by applying it with force to the 
grinding-stone. 

7. An Anvel — ^A polished anvil, of hard- 
ened steel — Fig. 22 — ^will be found exceed- 
ingly useful in the laboratory, for crushing 

minerals, ores, et cetera. It should be in the form of a paral- 

lelopiped: about 2^ inches long, 
If inch in diameter, and | of an 
inch 'in thickness. When a sub- 
stance is to be broken into frag- 
ments, it must first be wrapped in 
strong paper, placed upon the instru- 
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ment, and then struck sharply with the hammer. Should the 
paper^ in this process, he torn, and thrown off the face of the 
anvil, the malleahle particles will he found adhering to it, and 
may be examined separately. 

If a mineral is to be heated upon charcoal before the Blowpipe, 
it can be reduced to small pieces in a machine similar to that 
below. As it is frequently employed in the quantitative exami- 
nation of minerals, it will be described : — Upon a hardened steel 
plate, AB, — Fig. 23, — ia a depression o,containing a hollow cylinder, 
D B, which is completely fiUed by a 
massive cylinder F, hemispherical at 
the end. The two cylinders, D b and 
F, are also hardened steel, well ground. 
When a mineral is to be pulverized, f 
is removed, and the substance is placed 
in the hollow cylinder, d e ; the cylin- 
der F is replaced, and struck forcibly 
with a mallet When the two cylin- 
ders are separated, the substance will 
be found reduced to a rough powder. 
If necessary, this powder can be brought to an impalpable state 
in an agate mortar. 

8. Ghabooal Bobeb& — For quantitative Kow- 
pipe analysis, grooves of various dimensions are 
bored in the charcoal that serves as a support 
There are three different borers, of hardened steel, 
which will be here described : — 

a. A borer, of the form of Fig. 24, for making 
a cylindrical cavity, in which silver, gold, or 
copper may be heated. It is a four^ded pyra- 
mid, the sides being ground from below with a 
three-edged file, so that it appears like a double 
chisel, crossing at a right angle. Its under dia- 
meter is one-third of an incL This instrument 
may be held in a wooden case, containing a brass 
ring. 

When a groove is to be made with the borer, it is placed at a 
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Fig. 25. 



right an^e, with the charood, pressed upcm it inih foc^ 
upon its axis until the groove is sufficiently deep. The instni- 
ment is then withdrawn, and the charcoal-dust removed from the 
cavity. A silver assay should have a deeper groove than a copper 
one, owing to the fonner metal requiring^ when operated upon, to 
be mixed with lead. 

b. A second Charcoal borer, for forming larger 
grooves, Fig. 25. Its upper diameter is seven-eighths 
of an inch, and its length three-fourths of an inch. 
This borer is handled in the same manner as the 
preceding one for the fonnation of grooves in the 
charcoal 

The cavity formed by this instrument FilP M- 
serves as a support in roasting diffexent ^17 
substances whose metallic contentB ore to 
be deteimined quantitatively. 

c. A third Charcoal borer, similar to 
Fig. 26, has one end of the same form 
as that first described, but the double 
chisel is only 3-16ths of an inch in 
diameter, and is employed for making 
incisions in the charcoal, to contam quan- 
titative lead and tin assays. The other 
end has a diameter of f of an inch, it is 
sharp like a spatula, and serves to make 
small grooves for qualitative experiments. 

9. A Chabooal Saw. — ^This instrument 
should have very fine teeth, for cutting with ease long . 
pieces of Charcoal The most useful size is five inches in length, 
three-eighths of an inch in breadth, one sixteenth of an inch in 
thickness. It should be provided with a wooden handle, three 
inches in length. , 

10. A Chabooal Holdeb. — In quantitative assayings, which 
are to be melted without the accession of atmospheric air, the 
charcoal must be encased in iron foil Fig. 27 represents several 
sections of this instrument. Its sides are If inch in breadth, and 
1^ inch in height. At the anterior side, B, it is provided with a 
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round opening, a, termmating at b ; and at the reverse, ift a small 
iron screw, c, provided with a wooded case, e, on whose inner end 
is an iron disc, d, which reyolves round its axis. 

Fig. 27. 





l%e screw, e, is under the middle of 
the charcoal holder, and prevents the 
cessation of pressure, when the charcoal 
is gradually consumed from above. 

The screw, /, is made of brass, and 
can readily be removed, because it is 
inserted at ^. A small iron plate, h, is fastened, by a rivet, to 
the fSace of the charcoal holder, so that the incision^ 6, can be 
opened or dosed, as the figure shows. On the right side, A, of 
the insixument, is a small opening, i, a quarter of an inch in 
length, for the reception of the platinum wire, to be desmbed 
hereafter ; and under this aperture is a smaU brass cade, ik, for 
holding its end. 

11. Plahnum Wire and Foil. — ^When an ore is to be roasted, 
or an assay melted, in a clay basin, the latter must be supported 
by some substance placed in the cavity of the charcoal For this 
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purpoBe, a strong platinuin wire, three inches and a half in length, 
will be found applicable. On the end of 
the platinum wire, a ring — Fig. 28 — Ay 
is made, by means of the small forceps 
before described, and the touching point, 
/, is curved to an obtuse angle : then, 
into the charcoal holder previously de- 
scribed, a charcoal prism, of a corre- 
sponding size, is inserted so that its 
upper side nearly reaches the cavity, •', 
, of the instrument, Fig. 27. When 
\^J this is accomplished, a depression is 

made on its surfiftce, and the platinum 
wire is sunk so accurately into it that the charcoal appears to 
touch it uniformly in all parts. The straight part of the wire is 
now bent so as to follow the lines mnk — Fig 27. To the 
curved part of the wire, a hollow thin platinum foil, c. Fig. 28, 
9-16ths of an inch in breadth, is united, as depicted in the 
figure. 

12. A Capsule of Brass Foil, with the interior polished, two 

inches and a half in length, and 
of the form of Fig. 29. It is 
used for mixing silver and gold 
ores with proof lead and calcined 
borax ; and for pouring these, or 
similar mingled ingredients, into 
a comet of soda paper. 
13. A Small ScmsoBS, suffi- 
ciently strong for cutting metallic laminse, as well as soft ma- 
terials. 

14. A Knife. — For many researches, a steel knife, well 
sharpened and magnetized, is requisite. It is employed for 
mixing the various fluxes in quantitative assays, and also for 
determining the degree of hardness of many metallic bodies. 

16. Some Files, of different sizes and fineness, three-edged, 
flat, half-round, and round, the description of which is unneces- 
sary, are required in many examinations. 




Fig. 29. 
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16. An Iron Instrument /or the formation o/Cxtfeib ; with a 
Bolt and Stand. — Small Cupels of bone-ashes, are necessary for 
refining plombiferous alloys obtained in quantitatiye assayings, 
containing Silver or Gold. CupeUation is resorted to for the pur- 
pose of separating the noble metals as they are called, firom those 
which are readily convertible into oxides. The operation consists 
in fusing the alloy on charcoal with pure lead, and then heating 
the resulting bead in the oxidating flame, 
upon a substance sufficiently porous to 
absorb the fused oxides produced by the 
ignition. The best method for the prepa- 
ration of these Cupels is to cast them in a 
metallic mould ; in which they are to re- 
main till the cupellation is completed. 

Generally, two Moulds are employed, 
with concave depressions of different sizes, 
for the formation of cupels in large and 
small operations. Fig. 30, a, b, presents 
these moulds, as well as their bolts, a, b. 

The Moulds are of iron, and, in the 
upper part, are 1 3-16ths of an inch in diameter ; the bolts are of 
hardened steel, partly ground, and of a circular form. In the 




under part of each mould, cruciform grooves 
are usually filed, so that when one arm of a 
pincers is inserted, and the other pressed against 
the upper part of the mould, it may easily be 
removed, even when heated to redness. 

Fig. 31 is a small wooden stand, 3^ inches 
in height, having on the under part a roimd 
piece of wood, serving as a durable support. In 
the upper part is a strong brass wire, fastened 
by a screw ; and at the end of tins wire is a 
brass cross, the arms elevated to an angle of 85"", 
so as to allow the mould to be conveniently 
placed between them. When the transverse 
incisions in the bottom of the iron instrument 
are not brought into contact with the arms of 



Fig. 31. 




30 THE mSTRUMSNTS REQUISITE. 

die brass cross, an operator is enabled to raise or depress the 
instrument at pleasure, so as to afford the required heat 

17. An Ivory Spoon, well polished and ground, Fig. 82. 
5-16ths of an inch in breadth, and of the form given in ^^ 
Fig. 32. The handle of this spoon, which is in the 
form of a spatula, is for mixing in the capsule ores with 
pure lead and calcined borax ; and the spoon part is 
necessary in the weighing of ores and such substances as 
are to be fused. 

18. A Small Brush. — For quantitative examina- 
tions a painter s brush is indispensable, for detaching 
from the pans of the balance any remaining powder, 
et cetera, 

19. A Lead Sieve. — In Blowpipe analysis, the Lead 
must be in a very minute state of division, to allow of 
its being intimately mixed with the various substances 

to be operated upon. It may be 
^^' obtained in this state by agitating 



granulated lead in a small brass 
sieve — Fig. 33. The method of assaying 
is so very delicate, that it almost always 
produces a bead of silver, when the com- 
mon lead of commerce is submitted to 
trial It is for this reason that so mudi 
care must be taken in preparing lead for 
cupellation. The best method for obtaining it pure, and in a veiy 
minute state of division, is to precipitate it from a solution of the 
acetate, with a plate of zinc. 

20. A Steel Maonbt. — A strongly magnetized steel blade, or a 
steel magnet, about three inches and a half long, and i of an inch 
in diameter, will be usefrd in ascertaining whether small particles of 
the ores under examination are magnetic. If, to a mixture of 
finely divided iron and tin, immersed in water, the end of the 
magnet be applied, the particles of iron will be foimd adhering 
when it is withdrawn. 

21. A Lead Measure. — The instrument — Fig. 34- — ^which is 
similar to a gunpowder-measure, is for avoiding the weighing of a 
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certam portion of lead, in qnantitatiye assayings. It Fig. 34. 
consists of a glass tube, open at the extremities, con- 
taining a small wooden cylinder. This glass tube is 
divided into parts of equal degrees, 10, 15, 20, each of 
which are capable of holding 100 milligrammes of granu- 
lated lead. For quantities less than 1 00 milligrammes, 
the piston is graduated as in the figure, with 

1, 2, 8, 4, 5, corresponding to — 

10, 20, 30, 40, 50 milligrammes 

22. A SMALL WOODEN CYLINDER. — ^a Cylinder of wood 
is employed to make small comets from the sodsr-paper 
described at page 19. It should be about 9-32nds of 

an inch in thickness, as in Fig. 35, b ; and, 
for convenience, should have a handle at one 
end. 

The comet is made in the following 
^ gg manner : — ^A slip of paper, a, is so placed 
under the cylinder that one of its long sides 
projects beyond the upper end of b, as in the figure, a 
space equal to the diameter of the cylinder. The 
part of the paper so protmding is then folded back on 
B, with the aid of a small spoon ; the part of the 
paper to the left of b is next folded over the cylinder, 
tumed in such a manner that the remaining portion of the paper 
to the right of b, is folded over the latter, and the closed end 
stmck upon a hard even surface, in order that the comet may 
retain its shape, after the removal of the cylinder. 

23. A Polished Iron Spatula, four inches in length, and of the 
form of Fig. 36, is employed in levigating such alligations as are 
to be roasted in quantitative determinations. 

Fig. 86. 




24. Test-Tubes, with a Funnel and Stand. — ^When compounds, 
which contain several heterogeneous ingredients, cannot be accu- 
rately recognised in the Blowpipe flame, an operator must resort 
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to liquid testiiig, to aacertain each oonstitaent, either qualita- 
tiyelj, or quantitatively. This is efifected by means of test- 
tubes, Fig. 37, five and a half inches long, and five-eighths of an 

Fig. 37. 



Fig. 88. 



inch in diameter, which are veiy well 
adapted for containing the dissolved com- 
pound, when it is to be operated upon by 
reagents. They must be blown remarkably 
thin, so as not to crack when held in the 
flame of a spirit-lamp. They should also be 
provided with a small wooden perforated 
frame, serving as a support 

The Funnel, Fig. 38, is for the reception 
of a paper filter, into which the turbid liquid 
is poured firom a test-tube, to separate the 
precipitate produced by a reagent, from the 
clear solution. 

25. A small Glass Pipette. — ^This instrument should be five 
inches in length, and three eighths of an inch in diameter. 
Fig. 39. It is exceedingly convenient for afiusing precipitates 

Fig. 89. 




with hot water ; and also for withdrawing the supernatant liquor 
firom the precipitate, in quantitative Gold and Tin analysis. The 
point only should be slightly contracted, and not drawn out into 
a capillary tube. 

26. An Eduloobator. — ^The Edulcorator, or, as it is gene- 
rally termed, the wash-bottle, — Fig. 40, — ^is a German glass flask, 
capable of holding about a pint of water, the mouth of which is 
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closed by a cork ; through this two bent tubes are passed, the 
one, a, for the admission of air into the bottle, and the other, 6, 
which reaches nearly to the bottom, for the escape of the water. 
Pj ^Q The external orifice of the 

latter is drawn to a fine*point, 
which should neverexceed one- 
fortieth of an inch in diame- 
ter. The opening of the tube 
can be widened by grinding it 
upon a sandstone, or rubbing 
it with a file which has been 
moistened with camphorized 
turpentine ; or it may be nar- 
rowed by holding it in the 
flame of the spirit-lamp, or 
before the Blowpipe. The 
bottle, when corked, should 
be a little more than half full. 
When wanted for use, the operator blows into the tube, a, and 
the pressure to which the water is subjected, forces it through the 
tube in a fine stream, which can be directed upon the precipitate 
in the filter. 

Near the end of the edulcoration, the jet of water should be 
directed towards the edges of the filter, and not upon the pre- 
cipitate itself, by which means any particles of the latter adher- 
ing to the paper, are washed to the bottom, and brought into a 
small compasa 

Gelatinous precipitates require much washing ; the jet of water 
may occasionally be deficient in force, and not strong enough to 
detach them. In this case they may be stirred up with a glass 
rod, but the operator must be careful not to force the rod through 
the paper, otherwise the filtration will have to be repeated. It is 
to be observed, that after every addition of water, no more is to 
be added until the first quantity has filtered through, otherwise 
an affusion of the precipitate is not effected, but only a continued 
dilution of the solution. 

27. Watch-Glasses, two inches in diameter, Pig. 41, a. — 

D 
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These may be employed either as test- 
glasses, or as cradble-coyers during the 
refining process. 

28. Olazbd Pobgblaik Basinb, of 
varioui sizes, are very useful for the 
precipitation or evaporation of liquids 
and aJso for heating, in the dry state, 
earths and metallic oxides with reagents, 
The form of two such vessels is given, 
in Figs. 41 and 42. 

29. A cylindrical Bottle, of lac- 
quered sheet iron, provided with a 
screw top, for containing lamp oiL 



Fig. 41. 




Fig. 42. 



VI.— REAGENTS. 

Those substances which operate upon others in any remarkable 
manner so as to lead to their detection, whether by change of 
color, precipitation, efifervescence, or other characteristics, are 
called reagents. 

They are divided into general and special reagents ; those de- 
nominated general, are employed to determine the doss or group 
to which the substance under examination belongs ; those termed 
special, are used for the detection of individual bodies. For the 
sake of clearness and simplicity, these two classes are subdivided 
as follows : — 

REAGENTS IN THE HUMID WAY. 
I.— -<3ENEBAL BSAGBinnS. 

a. — ^Reagents used as simple solvents. 
&.— Reagents used as chemical solvents. 
e. — ^Reagents used to separate, or otherwise characterize, groups 
of substances. 

n. — SFEGUL BEAQENTS. 

a. — ^Reagents used for the detection of bases. 

&. — ^Reagents employed for determining the presence of acids. 
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REAGENTS IN THE DRY WAY. 
FLUXES AND ELOWFIFB BEAQENTB. 

Each reagent will now be considered according to the plan thus 
laid down. 

REAGENTS IN THE HUMID WAY: 

I. GENERAL REAGENTS, 
a. Beoffents used 08 simple 8ohent8. 

1. DiSTILLBD WaTBB. HO. 

Uses. — Principally as a simple solvent for a great variety of 
substances. It also effects the transformation of several neutral 
metallic salts into soluble add and insoluble basic compounds ; 
this is particularly the case with antimony and bismuth, which 
are precipitated in the form of a white powder, on the addition of 
mw^ water. Tartaric add readily dissolves or prevents the for- 
mation of the basic salt of antimony, which is thus easily distin- 
guished from bismutL 

Tests. — ^It should not leave the slightest residue upon evapora- 
tion ; ndther should it alter the color of blue or red litmus, or 
any other test-paper. Nitrate of silver, chloride of barium, oxa- 
late of ammonia, or lime-water must not cause the least turbidity. 

2. Aloohok OH«0« = AeO,HO. 

There are two kinds ; absolute alcohol, which, at 6(f Fahr., 
should have a specific gravity of 796 or -797, and spirit of wine 
having a density of from *830 to '840 at the same temperature. 

Uses. — ^It is frequently employed for separating the substances 
soluble from those which are insoluble in it ; as, for instance, 
chlorides of barium and strontium, the latter being dissolved by 
this menstruum. 

It serves likewise to predpitate bases insoluble in it from their 
aqueous solutions, exempli ffroHa, malate of lime. 

Alcohol is used also for the production of acetic and other 
ethers ; to co-operate with adds in the reduction of chromic add, 
peroxide of lead, et cetera; for detecting various substances 

D 2 
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which impart a characteristic tint to the flame, especially boradc 
acid and strontia, and for detecting potassa combined with silicic 
acid, which, before the Blowpipe alone, giyes the same reaction as 
soda or lithia. 

Tests. — ^Pure alcohol will completely volatilize, and neither 
causes any smell of fiisel oil, when rubbed between the hands, nor 
reddens blue litmus paper. 

3. Etheil C*H6 = AeO. 

Ether is little used for the analysis of inorganic bodies. It is 
principally employed for dissolving bromine, when isolated by 
other reagents, and for this purpose the conmierdal article is suffi- 
ciently strong and pure. 

b. Reagents principally employed cu chemical solvents. 
1. Hydroohlorio Acn). HCL 

Uses. — ^It is very extensively used as a solvent, and for the de^ 
tection of silver, suboxide of mercury, lead, and ammonia. 

From solutions of the three former, it precipitates chloride of 
silver, subchloride of mercury, and chloride of lead, all of which 
are white. The chloride of silver is insoluble in nitric acid, but 
easily soluble in ammonia ; the subchloride of mercury blackens 
on the addition of ammonia ; and the chloride of lead is soluble 
in a large proportion of water. 

When a glass rod moistened with dilute hydrochloric acid is 
brought into close contiguity with a solution containing free am- 
monia, white dense clouds of chloride of ammonium are formed. 

Tests. — ^When intended for analysis, it must be colorless, and 
leave no residue upon evaporation. Chloride of barium should 
produce no precipitate, neither in the highly diluted acid, nor 
after ebullition with nitric acid. Sulphide of hydrogen must leave 
it unaltered. After neutralizing with ammonia, and acetic add 
has been added in slight excess, ferrocyanide of potassium must 
not produce any precipitate, nor even impart to it the slightest 
tinge of blue. 
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2. Nitric Acid. HO, NO*. 

' tises, — ^Nitric acid is employed as a solvent for metals, ozidesy 
Sulphides, et cetera. Metals, or sulphides, in dissolving, are first 
converted into oxides, and subsequently into nitrates. This 
acid dissolves most oxides, forming with them nitrates ; the 
same occurs with most combinations of insoluble salts, the 
weaker acids being expelled by the nitric acid in the process 
of solution. 

Nitric acid is used frequently as an oxidising agent, as to con- 
vert the oxide of iron into the sesquioxide, et cetera. 

Tests. — ^When pure, it is colorless, and leaves no residue when 
evaporated to dryness on platinum foil Chloride of barium, or 
nitrate of silver must not in the least impair its clearness. Before 
adding these reagents, the acid should be slightly diluted, other- 
wise nitrates will be precipitated. 

3. NiTEO-HTDROCHLORlO AciD, AqUA EbGIA. NO* CI*. 

Is generally prepared when wanted, by adding one part of pure 
nitric acid to two of hydrochloric acid. When kept for any 
length of time it decomposes. 

Uses. — ^Principally as a solvent for gold and platinum. 

4. AcBTio AdD. C*H*0*^A. 

Uses. — This acid possesses a greater solvent power for certain 
substances than others, and is accordingly used to separate the 
former from the latter, as, for distinguishing oxalate of lime from 
phosphate of lime, the latter being easily dissolved, while the 
former remains unaltered. This reagent is also used for acidul^^ 
tion when it is necessary to avoid the presence of mineral acids. 

Tests. — ^It must leave no residue when evaporated upon plati- 
num foil When diluted, sulphide of hydrogen should cause no 
precipitate ; nitrate of silver or chloride of barium should not 
render it turbid. Should the latter reagent cause a precipitate 
when the acetic acid has been boiled with pure nitric acid, sul- 
phurous acid is present. 
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6. Ghlobidb of Ammonium. NH^GL 

Utes, — ^For retainiiig certain Balte and oxides in solntioiii when 
others are precipitated by ammonia or some sodi reagent, aB 
magnesia, which is held in solution by ammonia and chloride (^ 
ammonium, whilst bazytay strontiai and calcift are precipitated by 
carbonate of ammonia ; it is afterwards thrown dofwn faj phos- 
phate of soda ; this reagent is also used for precipitating frcmi 
potassa solutions substances which are insoluble in ammonia and 
its salts ; exempli groHay alumina, which — in the separation of 
the third, or sulphide of ammonium group— after precipitation of 
sesquiozide of chromium by boiling, is thrown down by chloride 
of ammonium. 

Tests. — ^When heated upon platinum foil it must completely 
volatilize. It must not be afifected by sulphide of ammonium, 
and its reaction on test-paper should be perfectly neutraL 

c. Recyents used to separaiey or otherwise char<Aeterize groups of 

substances, 

1. Bbaobnt Pafbbs. 

a, Blue litmus paper, — ^This is prepared by immersing slips of 
fine unsized paper in a decoction of litmus, for some time. When 
thoroughly saturated, they are suspended upon a thread to dry. 

Uses. — For detecting free add in solution, its color being 
changed to red. 

b, Beddened litmus paper, — ^A decoction of blue litmus is 
treated with sulphuric acid until it assumes a red tint The 
slips of paper, which are then passed through this, should be dis- 
tinctly red when dry. 

ITg^g, — For the detection of free alkali, its color being re- 
stored to blue. 

c, Brazil leood paper, — If Brazil wood be boiled in water for a 
sufficient time, it communicates a fine red color to the fluid. It 
must then be filtered, and the slips of paper inmiersed in it, and 
dried as before. 

Uses. — It is an excellent reagent for detecting hydrofluoric 
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acid, being tinged straw-yellow^ when immersed in a very dilute 
solution of this add 

d. Turmerio paper. — ^Turmeric root is first reduced to powder, 
and then treated with boiling alcohol ; the decoction must be fil- 
tered, and the paper saturated with it. 

Uses. — For detecting firee alkalies : the change produced is 
very characteristic, its bright yellow color becoming dark brown. 

2. SuLPHUMc Acid. H 0, S 0». 

Uses. — Sulphuric acid has a greater affinity for most bases 
than any other acid, and is, consequently, employed for liberating 
them, especially hydrochloric, nitric, acetic, boracic, and phos- 
phoric acids from their combinations. It is used for preparing hy- 
drogen, sulphide of hydrogen, and other gases. Many substances 
which cannot exist anhydrous, are decomposed when brought 
into contact with it, owing to its great affinity for water. It is a 
special test for the detection of baryta, strontia, and lead, with 
which it gives white precipitates ; when used for this purpose it 
should be dilute. It also serves as a reagent for lime, when this 
earth is in combination with phosphoric add, and shows no de- 
dded reaction before the Blowpipe. 

Tests, — It must not destroy the color of a solution of indigo 
when boiled with it. When mixed with pure zinc and water it 
will give hydrogen, which, on being passed through a tube heated 
to redness by the flame of a spirit-lamp, should not deposit 
arsenia 

3. SULFHIDB OF HyDBOOEN. HS. 

Sulphide of hydrogen gaa is prepared in the following manner : 
— Into the flafik a, Fig. 43, is introduced a small portion of pure 
sulphide of iron, and it is then tightly corked up. Water is 
poured in till it is covered, and concentrated sulphuric add added 
through the funnel tube b. The small bottle c contains distilled 
water for the purification of the gas, which is finally evolved 
through the tube d, into the solution intended to be saturated. 
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Sulphide of hydrogen water, — ^hydrosulphoric acid — may be pre- 
pared by completely saturating cold distilled water with the gas. 

Fig. 43. 




U^es, — It is an invaluable reagent for separating metals into 
the principal groups. It precipitates cadmium^ copper, lead, tin^ 
mercury, antimony, arsenic, silver, gold, platinum, et cetera, from 
their acid solutions. It is frequently employed for reducing the 
oxides of metals as well at the ordinary as at a high heat, and 
also highly oxidized bodies to a lower degree of oxidation. 

Tests. — Sulphide of hydrogen water should be quite clear, pos- 
sessing the odor of the gas in an eminent degree : addition of 
ammonia must not cause a black coloration : when treated with 
sesquichloride of iron it should yield a large precipitate of sulphur. 
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4. Sulphide op Ammonium. NH*S. 

Uses. — This reagent is of great value, and divides those metals 
which are precipitated by sulphide of hydrogen as sulphides, into 
two groups, a few of them being soluble, while the remainder is 
insoluble in it. It is also the precipitant of the third group ; 
alumina and sesquioxide of chromium being thrown down as 
bases, and nickel, cobalt, manganese, iron, and zinc, as sulphides. 
It also precipitates baryta, strontia, and lime, when in combina- 
tion with phosphoric, oxalic, and boracic acids, and magnesia when 
united to phosphoric add. 

Tests. — Sulphide of ammonium must be transparent, must 
completely volatilize when heated upon platinum foil, and ought 
not to precipitate sulphate of magnesia. 

5.. Solution op Potassa. K 0, H 0. 

Uses. — ^As a precipitant for many oxides it is invaluable. 
Some of these dissolve in excess, as alumina, oxide of chromium ; 
while others, as sesquioxide of iron, et cetera, remain undissolved. 
In consequence of this property, it is employed to separate the 
former from the latter. Potassa has a great solvent power for 
many salts, such as sulphides and antimonic acid. Many oiddes 
precipitated by potassa have a peculiar hue, or possess other 
characteristics by which they are easily recognised. Potassa ex- 
pels ammonia frx)m its salts, when heated in contact with them, 
and may be detected by its odor. 

Tests. — Solution of potassa must be colorless, and after neu- 
tralizmg it with pure nitric acid, which should occasion no effer- 
vescence, it must yield no precipitate, neither with chloride of 
barium nor nitrate of silver. It ought to retain its transparency 
when heated with an equal portion of solution of chloride of am- 
monium. When evaporated to dryness, and redissolved in water, 
no residue of silicic add should remain. 

6. Ammonu. NH*0. 

Uses, — ^For neutralizing acids, and precipitatmg many oxides, 
some of which redissolve in excess of the reagent, whilst others 
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are ixifloluble in free ammonia^ thoB affording a ready means of 
of separating them from each other. 

Tests. — ^Ammonia must be colorless, must not leaye any residue 
when eyaporated on platinum foil, nor should lime-water impart 
turhidiiy in the slightest degree. Neither chloride of barium nor 
nitrate of silver must cause the smallest precipitate after supersa- 
turation with pure nitric acid. 

7. Gabbonatb of Ammoitia. NH^O, GO*. 

Uses. — ^As a precipitant of the alkaline earths, baryta, strontia> 
calcia, and magnesia, it throws down many metallic oxides, 
some of which are soluble, and others insoluble. Complete preci- 
pitation of many of them only occurs on boiling. It is also em- 
ployed for separating glucina from alumina, and the oxide of ura- 
nium from sesquioxide of iron. 

Tests. — ^It must completely volatilize. ' Neither chloride of 
barium, nitrate of silver, nor sulphide of hydrogen should color 
or precipitate it, after complete neutralization with pure nitric acid. 

8. Ghlobidb of Barium. Ba Gl. 

Uses. — ^From its properties of fonniog soluble salts with certain 
acids, and insoluble with others, it is an invaluable reagent for 
subdividing the precipitable adds. As a q>ecial reagent for sul- 
phuric acid, with which it gives a white precipitate insoluble in all 
acids, its worth cannot be estimated. 

Tests. — ^The solution of chloride of barium must not be colored, 
or rendered turbid by sulphides of hydrogen, or ammonium. The 
filtrate, after adding an excess of pure sulphuric acid, ought to 
leave no residue when evaporated to dryness on platinum foil 

9. NiTBAiB OF Ba&tta. BaO, NO*. 

Uses. — ^The same as chloride of barium, and is substituted for 
that reagent where the presence of a metallic chloride would be 
deleterious. 

Tests. — ^The same as those for chloride of barium, except that 
nitrate of silver must produce no precipitate. 
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10. Chloeidb of GALCfiniL Ga GL 

Uses. — It . predpitateSy as a group, from neutral solutioiiB, 
phosphoric, hydrofluoric, oxalic, tartaric, and citric acids ; also, if 
the solution is not yery dilute, sulphuric acid ; better, however? 
in the presence of alcohol The dififerent aspects and characteris- 
tics of the preciptated lime salts, as to their solubility and inso- 
hdnfitj, et cetera^ enable the analyst to distinguish certain indi- 
vidual acids — see Lime-Water, page 47. 

Tests, — Solution of chloride of calcium must be neutral, and 
ought not to be rendered turbid or discolored by sulphide of am- 
monium. 

11. NiTBATB OP SiLVBR. AgO, NO^ 

Uses. — It is a very important reagent for the classification of 
adds into groups, and is employed for the detection of certain 
individual adds, especially hydrochloric, phosphoric, and arsenic 
adds. With the first, it gives a white predpitate insoluble in 
nitric add, but soluble in ammonia ; firom solutions of tribasic 
phosphates it predpitates lemon-yellow phosphate of silver, solu- 
ble, with difficulty, however, in acetic add ; with arsenic add it 
produces a reddish-brown precipitate. 

Tests. — ^After adding an excess of pure hydrodiloric add, the 
filtrate must leave no reddue upon evaporation, and should nd- 
ther be colored nor predpitated by sulphide of hydrogen. 

12. Sesquighloride of Iron. Fe'Gl'. 

Uses, — ^As the reagent for a group of organic adds, with 
which, tiddicet, succinic, benzoic, hydrosnlphocyanic, acetic, and 
formic adds, it gives very distinct and characteristic reactions. 
With succinic acid it gives a voluminous brownish-red predpitate, 
readily soluble in adds, and which is rendered darker on addition 
of ammonia, owing to the withdrawal of a quantity of succinic 
add The precipitate from benzoic add is pale-yellow, and com- 
ports itself as succinic add To solutions of acetates, sulphocy- 
anides, and formiates, it imparts a blood-red color. It is em- 
ployed also for the detection of hydroferrocyanic acid, in the 
formation of Prussian blue. 
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II.— SPECIAL REAGENTS. 

a. Reagents tuedfor the detection of bases. 

1. Sulphate op Potabsa. K 0, S 0*. 
Uses. — It precipitates from solutioiiB of salts of baryta and 
strontia the insoluble sulphates of the oxides. It also produces 
a precipitate in concentrated solutions of lime, but only after 
some time. 

2. Chbomatb op Potassa. KO, CrO*. 
Uses. — ^It precipitates, from solutions of the salts of many 
metallic oxides, chromates ; most of them are very difficultly 
soluble, and possess characteristic colors, by which the parti- 
cular metal may often be with certainty detected. It is used 
principally, however, as a test for lead, with which it gives a 
yellow precipitate. 

3. CvANiDB OP Potassium. KCy. 

Uses. — It is a valuable reducing agent, and also precipitates 
many of the heavier metals ; with nickel it gives a greenish- 
white, with cobalt a brownish-white, with copper a yellowish- 
green, and with protoxide and sesquioxide of iron a reddish- 
brown precipitate. The latter, on addition of an excess of hydro- 
chloric acid, and application of heat, dissolves, giving a beautiful 
blue liquid. 

Tests. — The precipitate produced by lead-salts must be per- 
fectly white ; the residue left upon evaporating its solution, pre- 
viously saturated with pure hydrochloric add, must clearly and 
perfectly dissolve in distilled water. 

4. Fbrbocyanidb op Potassium. K«Cfy. 
Uses. — ^Principally for the detection of oidde of copper, with 
which it gives a purple-red precipitate ; and for indicating the 
presence of sesquioxide of iron, from the solutions of which it 
throws down a beautiful blue precipitate. With salts of the prot- 
oxide of iron, absolutely free from sesquioxide, it gives a white 
precipitate, which, on exposure to the air, becomes blue. 
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5. Fkrrioyanidk op Potassium. K*Cfy«. 

Uses. — ^As a test for protoxide of iron and its salts, with which 
it immediately gives a blue precipitate of ferricyanide of iron. 
Fe»Cfy«. 

6. SULPHOCYANIDK OP POTASSIUM. K^ Csj. 

Uses. — The same as those of ferrocyanide of potassium for the 
detection of sesquioxide of iron, the most minute trace of which, in 
a hydrochloric acid solution, gives with this reagent, a blood-red 
<x>lor. 

7. Phosphate op Soda. 2 Na 0, H 0, P0«. 

Uses. — ^Phosphate of soda precipitates all the alkaline earths, 
but is employed, after the separation of baryta, strontia, and 
lime, for the detection of magnesia, which it precipitates even in 
the presence of an excess of ammonia or its salts. 

Tests. — ^It must not become turbid when heated with ammonia. 
Dilute nitric acid must completely dissolve the precipitates pro- 
duced in it by nitrate of silver and chloride of barium. 

8. Oxalate of Ammonia. N H* 0, 0. 

Uses. — ^It is an invaluable test for lime, with which it gives a 
white precipitate, insoluble in acetic, but readily soluble in hydro- 
chloric or nitric acids. This reagent produces a similar precipi- 
tate with baryta and strontia ; the manipulator must, therefore, 
have positive proof of the absence of those earths before testing 
for lime. 

9. Pbotochloridb op Tin. SnCl. 

Uses. — It is a very powerful reducing agent, and is employed 
as a test for mercury, throwing it down as a grey precipitate, 
which, on rubbing, coQects into globules of the metal It is also 
used as a test for gold, in the solutions of which it produces a 
purple color or a similarly colored precipitate. 

10. Bichloride op Platinum. PtCl«. 
Uses. — For the detection of ammonia and potassa,. from solu- 
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tions of which, especially on addition of a little hydrochloric add 
and alcohol, it throws down yellow crystalline precipitates, doable 
chlorides of platinum and ammonium, or potassium as the case 
may be,— N H* CI, PtCl«, or KCl, PtCl«. When testing for potaasa, 
the student must be sure that ammonia is absent, by having pre- 
viously heated the substance to redness. 

11. Tebchlobibb of Gold. AuGl^ 
U8e$. — ^As a test for the protosalts of tin, with which it gives 
a purple color, or a similarly colored precipitate. 

12. Zma Zn. 
Uses. — Metallic zinc reduces many metallic salts and oxides 
causing their precipitation ; this is owing to its affinity for o:^gen. 
It is piincipaQy employed, however, for the reduction of antimony 
and tin, and, when mixed with sulphuric add, for the evolution of 
hydrogen gas. 

13. COPPBB. Cu. 
Uses, — Copper turnings are used for the reduction of mercurial 
salts, and for the detection of arsenious add ; when immersed in a 
solution of the latter, they immediately become covered with a grey 
metallic coating, which, on heating, separates in black scales. 
Copper also indicates the presence of nitric add, when heated with 
substances containing it, to which dilute sulphuric add has been 
added, by giving o£f fiunes of binoxide of nitrogen ; these, on 
being liberated, absorb oxygen from the atmosphere, and assume 
a brownish-red color, having the compodtion N 0^ 

14. Ibon. Fe. 
Uies, — ^Iron, like zinc, reduces and predpitates many metallic 
salts and oxides. It is employed, in the form of dean wire, for 
indicating the presence of copper, which fidls upon it, when im- 
mersed in the solution, in a film, of the usual color of that metal. 
It is also used in quantitative cupellations, and to reduce phos- 
phates to the state of phosphides. In this process, a white, brit- 
tle, metallic bead is formed, which will be noticed under phos- 
phoric add. 
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b. Special reagents emphyed for determining the presence of 

acids, 

1. ACBTATB OF POTASSA. K 0, A. 

Uses, — ^Por precipitating phosphate of sesquioxide of iron from 
hydrochloric acid solutions of phosphates of the alkaline earths, 
and for precipitating from simple solutions in mineral acids sub- 
stances insoluble in acetic add. It is also employed for recognis- 
ing the presence of tartaric acid, giving a white crystalline preci- 
pitate, which, however, from the time occupied in its formation, 
and its great solubility, is not veiy characteristic. 

2. Htdbatb of Limb. Lime-Watbb. GaO, H 0. 
Uses, — ^The former, — hydrate of lime, — ^is employed for the 
liberation of ammonia, and the latter, — ^which should be kept 
from the air as much as possible, on account of the formation of 
carbonate of lime — ^for the detection of carbonic acid, with which 
it gives a white precipitate, soluble, with ^ervescencey in hydro- 
chloric add ; oxalic acid, with which a white predpitate is formed, 
insoluble in acetic acid, but readily dissolved in hydrochloric and 
nitric adds ; tartaric add, from solutions of which appears, on 
addition of the reagent, a white predpitate dissolving easily in 
ammonia and cold potassa ; the solution in the latter, on boiling, 
forms a gelatinous mass, which disappears on cooling ; lastly, for 
indicating the presence of dtric add, with which it gives a white 
predpitate on boiling ; this is soluble in ammonia and its salts, 
but not in potassa. 

3. Sulphate of Limb. Ga 0, S 0'. 
Uses, — ^For distinguishing and separating baryta and strontia, 
producing an immediate predpitate with the former, but only 
doing so with the latter after a length of time. 

4. SuifHATB of Magnesia. MgO, 8 (H 
Uses, — ^For the detection of phosphoric add, which is predpi- 
tated by it, even iu the presence of ammonia and ammoniacal 
salts. 
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5. Ghlobidb of Magnesium. MgCl. 
Uses, — The same as those of sulphate of magnesia. 

6. Sulphate op Ibon. Fe 0, 8 0*. 
Uses, — For indicating the presence of nitric acid ; for this 
purpose a clean crystal is dropped into the solution under exa- 
mination, and a little dilute sulphuric acid added ; if nitric acid 
is present, the crystal immediately becomes coated with a brown 
areola. This reagent is abo employed in solution for detecting 
hydroferricyanic acid, with which it gives a blue precipitate of 
f erricyanide of iron ; when mixed with perchloride of iron and 
potassa as a test for hydrocyanic acid. If the precipitate thus 
produced dissolves with a fine blue color in hydrochloric acid, the 
acid in question is present Sulphate of iron is likewise employed 
for reducing the salts of gold. 

7. Neutral Acetate of Lead. Pb 0, A. 
Uses, — It is specially applied as a test for chromic acid and 
soluble chromates, producing a lemon-yellow precipitate of chro- 
mate of lead. When a piece of bibulous paper saturated with 
this reagent is held for a short time over a solution containing 
sulphide of hydrogen, it becomes of a dark-brown color, and is of 
great use for this purpose. Acetate of lead likewise produces 
precipitates with some other adds, but the principal ones are here 
given. 

8. Sulphate op Coppbb. Cu 0, S 0*. 
Uses, — ^As a test for arsenious acid, producing a precipitate of 
yeUowish-green arsenite of copper ; for arsenic acid, with which 
it gives a greenish-blue precipitate ; when associated with caustic 
potassa, for distinguishing the former from the latter, arsenious 
acid and arsenites giving a red precipitate of suboxide of copper ; 
when united with sulphate of iron, for detecting hydriodic acid, 
throwing down white subiodide of copper, Cu* I ; and, also, for 
indicating the presence of hydrofeirocyanic acid, with which it 
gives a dark purple-red precipitate of ferrocyanide of copper, 
Cu«Cfy. 
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9. StJBNITRATE OP MbBCUBT. Hg« 0, N 0*. 

Utes, — ^This reagent acts anologous with, and, in many cases 
may be substituted for, nitrate of silver. It is employed as a test 
for many acids, especially the hydracids ; and also for the detec- 
tion of substances easily capable of oiddation, as formic acid, 
which deoxidizes it, being converted into carbonic acid and water, 
with reduction and precipitation of metallic mercury. 

10. Oxide of Mebcubt. HgO. 

Uses. — ^As a test for hydrocyanic acid, dissolving only in alka- 
line liquids when that acid is present. 

11. Chlomdb op Mebcubt. HgCl. 

Uses, — ^As a test for hydriodic acid, with which it produces a 
beautiful red precipitate of iodide of mercury, Hg I. On addition 
of this reagent to formic add, it at first falls down as chloride of 
mercury, but is soon reduced to the metallic state. It serves as 
an oxidizing agent for chloride of tin, and other substances. 

12. Sulphurous AoTD. SO*. 

Uses. — ^As a very powerful reducing agent. It precipitates 
metallic mercury from solutions of mercurial salts ; reduces chro- 
mic acid to oxide of chromium, and is employed for the conver- 
sion of arsenic into arsenious acid. For these, and many similar 
purposes, it may either be used in a state of solution, or may be 
generated when wanted for use by adding sulphuric acid to strips 
of metallic copper in a flask, and applying heat. 

13. Chlobinb. CI. 

Uses. — In solution, for isolating iodine and bromine. It is 
also employed to decompose many organic substances ; it effects 
this sometimes by withdrawing the hydrogen, forming with it 
hydrochloric acid, whilst the liberated oxygen enters into a sim- 
pler but more permanent combination with the other constituents. 
The chlorine is best obtained by heating one part of coarsely 
powdered binoxide of manganese with four or five parts of com- 
mon hydrochloric acid. 

E 
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14. SniiFHiNDiaono AdB, 

Is a solutioii of one part of indigo in seven parts of concen- 
trated sulphuric acid. 

Uses, — As a test for nitric acid, which destroys its color. 
When the nitric acid is not in a free state, it must be liberated 
by adding sulphuric acid to the compound. 

15. Stakch Pastb, 

Is made by triturating starch with water till perfectly mixed 
It should have the consistency of cream. 

Uses, — ^When paper moistened with starch-paste is exposed to 
the vapors of iodine — ^liberated by chlorine or strong sulphuric 
acid — ^it is immediately tinged violet When bromides are 
treated in a similar manner, the paste assumes an orange-yellow 
hue. 

REAGENTS IN THE DRY WAY. 
FLUXES AND BLOWPIPE REAOEHTS. 

The three principal reagents, indispensable in examinations 
with the Blowpipe, are — 

Carbonate of Soda ; 
Biborate of Soda, or Borax ; 
Phosphate of Soda and Ammonia, or 
Microcosmic Salt. 
These salts especially are to be provided in a state of purity, 
and will therefore be described separately. 

1. Cabbonate op Soda. Na 0, C 0*. 

When a current of carbonic acid gas is passed through a satu- 
rated solution of carbonate of soda in water, bicarbonate of soda 
is precipitated in ciystalline grains, which must be well affused 
with cold water, and dried. In this state it may be employed for 
qualitative, but when required in quantitative analysis, it must 
be calcined in a flat porcelain basin, to liberate the second atom 
of carbonic acid, and its water of crystallization. 
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WiKKLEB obtamfl the bicarbonate of soda free from sulphate of 
soda, in the following manner : — He dissolves 4 ounces of crys- 
tallized carbonate of soda in 8 ounces of distilled water, and adds 
to the solution 1^ ounce of carbonate of ammonia ; then heats 
the mixture to 132'8° Fahr. on a water-bath. After some time, a 
large quantity of bicarbonate of soda precipitates, which is sepa- 
rated from the supernatant liquor by filtration. 

To ascertain whether the carbonate of soda contains any sul- 
phate, mix two parts with one of pure silica, and fuse this mass 
upon charcoal, in the reduction flame ; if the smallest quantity of 
sulphate of soda be present, the resulting bead will be of a deep 
yellow or red color, owing to the formation of sulphide of sodium. 

A second method is, to heat a small quantity of carbonate of 
soda upon charcoal, in the reduction flame, until it is entirely 
absorbed. Cut out, with a small knife, this part of the charcoal, 
and digest it in water ; to the solution, add a small piece of 
bright metallic silver ; if sulphuric acid had been present, the 
surface of the silver would become first yeUow, then brown, and 
finally black. 

The carbonate of soda, in qualitative examinations with the 
Blowpipe, determines — ^first, whether a body fuses or is rendered 
soluble; — second, the presence of silicic acid in combination. 

In quantitative analysis, it serves as the means of rendering 
soluble, silicic acid, tungstic acid, and titanic acid combinations ; 
and also for accelerating the reduction of different metallic oxides. 
The best method of preparing a large quantity of bicarbonate of 
soda is to pass a stream of carbonic add gas over an atomic mix- 
ture of crystals of soda and the dry carbonate. Great heat is 
evolved during the process, owing to the rapidity with which the 
gas is absorbed. 

2. BiBORATB OP Soda. Na 0, 2 B 0^. 

This salt, which is met with in commerce in large masses, must 
be re-crystallized, to free it from foreign matters. If the crystals 
yielded are pure, they will give a transparent glass when heated 
upon the ring of a platinum wire. In quantitative analysis, 
owing to the crystals occupying so much space when heated, on 

b2 
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account of tiieir intumescence, the borax must be employed in a 
calcined state. According to Bbbzelius, almost all substances 
dissolve when fused with borax, and form, with its ingredients, 
acid and basic combinations ; for this reason it is such a valuable 
flux in Blowpipe experiments. 

3. Phosphatb op Soda and Ammonia. NaO, NH*0, HO, PO^. 

It is best obtained by heating together, in distilled water, 100 
parts of crystallized phosphate of soda, with 1 6 parts of chloride 
of ammonium. Chloride of sodium separates, and the liquid, 
when filtered and evaporated, affords the salt in fine crystals. 
When this salt is heated upon charcoal, or platinum wire, it loses 
its water and ammonia, and is converted into metaphosphate of 
soda, which, in consequence of its excess of acid, has the power of 
fusing almost every chemical compound. 

This salt, in the liquid state, detects magnesia and the pro- 
toxide of manganese. 

Besides the three reagents described, there are many others 
necessary to facilitate the fusion, or to effect the decomposition, 
of certain substances heated before the Blowpipe, and also to aid 
in the detection of particular elements ; these are : 

4. NmLATB OF Potassa. K 0, N 0^ 

This salt is obtained in small prisms, when the saltpetre of 
commerce is dissolved in hot water, and the liquid allowed to 
cool gradually. 

a. The production of colors, in beads formed with borax or 
microcosmic salt upon the platinum wire, can sometimes be faci- 
litated by the addition of saltpetre. A small crystal of this salt 
is supported near the lamp, upon a porcelain capsule, and when 
the bead is removed from the flame, it is instantly pressed upon 
the saltpetre. The globule immediately tumefies, and the oxi- 
dized metal exhibits its color on the exterior. If the Blowpipe- 
flame is at all altered during this examination, the reaction will 
be destroyed. By this expedient, a portion of manganese, so 
minute as otherwise to pass unnoticed, can be readily discerned, 
by a beautiful emerald green color being produced. 
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h. Nitrate of potassa also has the power of oxidizing arsenic 
and chromium ; converting them into acids which combine with 
its base. 

6. BiSULPHATE OP POTAflSA. K 0, S0», H 0, S0». 

This compound generally presents itself when the neutral sul- 
phate is strongly heated with oil of vitriol If the bisulphate 
obtained contains too much acid, which must, if possible, be 
avoided, it emits thick white vapors, when heated only slightly. 
Bisulphate of potassa, in solution, indicates Hthia, boracic add, 
nitric acid, hydrofluoric acid, bromine, and iodine ; and separates 
baryta and strontia from other earths and metallic oiddes. 

6. VlTMFIBD BOBACIO AdD. B^ 

This acid is generally prepared by dissolving the borax in four 
times its weight of water, at 100'' C ; the solution is filtered while 
hot, and a quantity of oil of vitriol, equal to one-fourth of the 
weight of the borax, immediately added. The sulphuric acid 
unites with the soda, and forms sulphate of soda, which remains 
in solution ; while the boracic add, on cooling, separates in thin 
shining crystalline plates. These plates are drained, and being 
sparingly soluble, may be washed with cold water, and, after- 
wards, re-Klissolved in boiling water, and re-crystallized. The 
boracic acid still retains a small quantity of sulphuric add, pro- 
bably in a state of chemical combination, and if required of abso- 
lute purity, must be fiised at a red heat in a platinum crudble, 
then re-dissolved and crystallized. The density of the vitrified 
add is 1*83. It serves, in qualitative examinations, to detect the 
presence of phosphoric acid in minerals, and small portions of 
copper in lead alloys. In quantitative analysis, it is generally 
used to ascertain the quantity of copper contained in a lead or^e, 
and also the amount of copper united with various metals^ 

7. NiTBATB OP Cobalt in Solution. 

The pure metal must be dissolved in dilute nitric acid, the 
solution evaporated to dryness, and the residue dissolved and fil- 
tered, to separate any foreign matter. 
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There are a few sabstanceB not easily dktiiiguished by simple 
ignitioii, which acquire marked characters on being moistened 
with a solution of nitrate of cobalt, and then heated stnmgly ib 
the oxidating flame. These are, — 

Almnina,* acquiring a beautiful /Mxb Uue color, 
Magnesia, a rose-rsd tint. 
Zinc, a bright ffreen, and 
Tin, a Muisk green. 

A few drops of a solution of cobalt may be placed upon the 
substance by means of platinum wire, or a small pipette. 

8. Oxalate of Nickel. NiO, 0. 

It is obtained perfectly pure in the following manner : — ^Heat 
copper-nickel — arsenic-nickel to redness with a quantity of borax 
in a clay crucible, and when in a state of fusion remove the cm- 
cible from the mufiSe, and expose it to a free current of air. If 
the ore had oontamed iron, cobalt, lead, antimony, or sulphur, 
they would have been oxidized and dissolved in the borax, while 
the nickel would remain in combination with the arsenic. Sepa- 
rate the nickel compound from the dross, and examine a portion 
of it before the Blowpipe for cobalt. If it be not free from this 
metal, repeat the preceding operation with borax. When the 
mixture is entirely free from cobalt, heat it strongly with a quan- 
tity of carbonate of soda and nitrate of potassa ; during this pro- 
cess the arsenic acid combines with the soda or potassa, and the 
oxide of nickel remains in an uncombined state. Dissolve the 
soluble part of the residue in boiling water, and filter. The oxide 
of nickel which remains, after being well afiused with water, must 
be dissolved in hydrochloric add, with the aid of heat, and the 
nickel precipitated by oxalic acid. 

If the arsenic-nickel should contain copper, it must be precipi- 
tated from an add solution of it, by sulphide <rf hydrogen, pre- 
viously to the heating with borax. 

The oxalate of nickel is used in qualitative examinations for 
the detection of potassa, in a salt which also contains soda or 
lithia. 



BLOWFEPE BBAQENTS. 55 

9. Black Oxide of Oofpeb. OuO. 

It may be obtained artificially, by calcining metallic copper ; 
by precipitating it firom the salts of copper with a solution of 
pure potassa ; or by heating nitrate of copper to redness. 

It is useful for ascertaining the presence of small quantities of 
chlorine, when in combination, et cetera, 

10. SmcA, OE Snicio Acm. Si 0*. 

This compound is obtained in a state of purity as follows : — 
Heat to redness in a platinum crucible, powdered rock crystal — 
quartz, — ^with a quantity of carbonate of soda or potassa ; dissolve 
the fiised compound in water ; add to the solution a quantity of 
hydrochloric acid, and evaporate to dryness. A fine gritty powder 
remains, which, being well affused with boiling water, and then 
ignited, gives pure silica. 

Silica, with soda, is an excellent test for the presence of sul- 
phuric acid ; and, when in combination with borax or soda, sepa- 
rates tin firom copper. 

11. Fluor Spar CaF. 

This salt must be fireed from its water of crystallization. It 
serves, when mixed with bisulphate of potassa, to detect lithia, 
and boracic acid, in their various combinations. It is also a re- 
agent for gypsum, and is an excellent flux for ores. 

12. Sulphate op Lime. CaO, SO'. — Gypsum. 

It must be kept for analysis in an anhydrous state. It is easily 
obtained firee bom water, by heating to redness a quantity of it, 
in a powdered state, in a platinum or porcelain crucible. It oc- 
curs abundantly in Derbyshire, Yorkshire, and Saxony ; and in 
various forms. It can be prepared artificially, by adding sul- 
phuric acid to any soluble salt of lime. 

Anhydrous gypsum, in Blowpipe analysis, serves as a reagent 
for fluor spar. If small quantities of these two substances be 
placed slightly apart upon charcoal, and heated in the oxidating 
flame, both melt and run into each other, producing a colorless 
bead, which becomes opaque upon cooling. If an excess of gyp- 
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sum is present, the bead will be colorless also. Aocording to 
BsBZEUUs, the clear glass appears to be a compound of hydro- 
fluoric and sulphuric acids with lime, which, if exposed too long 
to the oxidating, or too short a time to the reducing flame, is 
decomposed, sulphurous add being eliminated. 

Sulphate of lime, sulphate of baiyta, and sulphate of strontia 
fuse with fluor spar ; also fluorides of barium and strontium, with 
gypsum, as well as with fluor spar. 

13. Bone Ashes. 

They are employed in the cupellation of gold and silver. 
Hahkort reduced them to many states of minute division by the 
processes of sifting and washing. The bones are burnt until they 
become perfectly white, and then freed from any carbonaceous 
matter that may have adhered to them. This being done, they 
are pulverized in a mortar, and the finer portions separated by a 
sieve. The remaining powder is then thrown upon a filter, and 
treated with boiling water, which extracts the soluble matter. 
The washing, which is then resorted to, is for procuring the bone- 
ashes of a more imiform degree of fiineness. The mass from the 
filter is mixed with water in any cylindrical glass, allowed to 
settle for a few moments, and then decanted ; the coarser powder 
is deposited at the bottom of the vessel, while the finer passes 
over suspended in the water. By repeated decantations in this 
way, sediments are obtained of difierent degrees of fineness, the 
last, or that which remains longest floating through the liquid, 
being the finest The resulting powders must be kept in separate 
phials. The coarser ashes are used for the cupellation of rich 
silver ores, and the finer, for assaying ores in which only a minute 
quantity of gold or silver is present 

14. Pboop Lead. Pb. 

It is employed either in a finely-divided state, or else in small 
fragments ; but it must be entirely free from traces of gold, sOver, 
or copper, as it is used in the quantitative analysis of these 
metals. The lead from the silver-smelting frimaces will answer 
both purposes, if properly sifted. If such lead is not easily ob- 
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tained, the operator can prepare his proof lead in the following 
manner : — ^Dissolve acetate of lead in a small quantity of hot 
water, filter, and then add plates of zinc to the solution until the 
metaUie lead is wholly deposited Dry the resulting lead between 
folds of bibulous paper, and keep it at hand in a stoppered phial. 
When this lead is employed in silver and gold cupellations, it 
need not be accurately weighed, but quantities of it taken, to save 
time and trouble, according to the standard given in the lead 
measure, previously described at page 30. 

The method just described is the best for obtaining lead per- 
fectly pure, and in a minute state of division. 

15. Chloridb op Sodium. NaCL 

It is taken either in a powdered or melted state ; but its use 
is very limited. It is principally employed for glazing the earthen 
crucibles in which quantitative lead assays are performed. 

16. Chabooal Powder. 

This can easily be obtained by triturating pieces of charcoal in 
a mortar. It is generally employed for roasting or smelting, in 
quantitative tin or lead examinations. 

17. Graphitb — ^Plumbago. 

It is used quantitatively, when free from impurities, for roasting 
earths, minerals, and various products, upon copper. When a 
good kind of graphite cannot be obtained, pure anthracite may be 
substituted. The graphite which is generally met with is so im- 
pure, that an operator, to get the best pieces, must pick from a 
mass of it those fragments which are unctuous to the touch, and 
in scales. These parts are then heated in a crucible, and after- 
wards well pulverized. If this graphite contains over ten per 
cent of foreign matter, it must, previously to being used, be 
digested in nitro-hydrochloric acid to free it from iron and other 
impurities. Plumbago is extensively used for the manufacture of 
crucibles, as they are vleiy durable, and sustain an intense heat. 
The composition of the plumbago of Cornwall is 96*0 carbon, and 
4*0 iron. 
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18. Tnr. Sn. 

Tin foil is generally used, cut into little slips, half an inch 
broad, and tightly rolled. 

Tin serves for the highest degree of reduction in glass fluxes, 
where small quantities of oxides of the metals are present, which 
are capable of being reduced to a lower state of oxide, in which 
state the results are more convincing. The operator brings the 
globule, heated in the reducing flame, in contact with the free end 
of a rolled rod of tin. By this means a small portion of melted 
tin is deposited upon the flux. The whole is then fused perfectiy 
in the reducing flame. When the tin has been added to the bead, 
which contains the substance for examination, an operator must 
not direct the flame upon the glass for too long a time, partiy 
because the tin would become in such a state as to prevent 
metallic oxides, which should only be reduced to the state of pro- 
toxide, from manifesting their presence by the peculiar color 
imparted to the bead, or pearl, and partly because so much tin 
would be dissolved, particularly if phosphates weare present, that 
the globule, upon cooling, would be quite opaque, thus rendering 
the analysis of no value. 

19. SiLVBE WiRB. 

A small silver wire is useful for ascertaining the presence of 
hepar — sulphide of antimony, — or soluble sulphides. Slver which 
is obtained from the reduction of homsilver — chloride of silver, — 
and beaten into wires, is also necessary in many quantitative gold 
examinations. 

20. Tabtamo Acid. C8H*0w = T. 

It is useful, with sulphide of ammonium, for separating yttria 
and zirconia from iron. It also detects small quantities of arsenic 
in metallic combinations ; and is employed in quantitative cupel- 
lations. 
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QUALITATIVE ANALYSIS 
WITH THE BLOWPffB. 
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It is well known that the miner frequently encounters sub- 
stanceSy which, from their exterior appearances, he may have con- 
sidered to belong to some certain class of minerals, but which, by 
subsequent chemical analysis, are proved to be of an entirely dif- 
ferent constitution. It happens that in the earthy gangues of the 
more frequently occurring ores, minerals of great scarcity and 
value exist, but in such a minutely disseminated state as to be 
scarcely discernible with the aid of the microscope. Again, it is 
very difi&cult for the smelter to know the nature of the ingredients 
given him to assay. The mixed mass is given him ready for 
frimacing, and, except it be from previous e]q>erience, he is 
quite unable to judge, by its appearance the degree of heat 
necessary for its frudon ; and difficulties may again stand in 
his way, with respect to the further working of his furnace pro- 
ducts, from the presence of substances which he either does not 
know to be contained therein at all, or which he may consider to 
exist only to a very small extent. A means is wanted by which 
the miner and smelter can obtain the necessary information with 
respect to the ingredients of minerals, ores, and furnace products, 
and as it seldom happens that there is a laboratory within such a 
distance as to be available upon every emergency, the Blowpipe 
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affords the only resource from which this knowledge may be 
obtained with certainty. 

By means of the Blowpipe, the substances which comprise a 
mixed mass can in all cases be determined. It is, therefore, my 
intention now to treat of the Blowpipe as the agent for Qualita- 
tiye Analysis. I will describe the qualitatiye examination of alkar- 
lies, earths, metals, their oxides, and the non-metallic bodies, so 
£sur as they have come under my own observation ; and I shall 
attach to each the name, some instruction as to its nature, whence 
derived, and the mineralogical or chemical formula ; and I will 
also give general rules, in as short and concise terms as possible, 
with respect to the comportment of earths, metallic oxides, et 
cetera^ before the Blowpipe alone, or with borax, microcosmic salt, 
carbonate of soda, and a solution of nitrate of cobalt ; and also a 
description of the different appearances presented by the subli- 
mates of some metals, when heated upon charcoal. 



L— GENERAL RULES FOR QUALITATIVE 
BLOWPIPE EXAMINATIONS. 

^A General Btdea by which the tnffrecUents of Miner(ili,€t cetera^ 

may, for the mott part, be detected, when he<xted alone 

or with reagents in the Blowpipe flame. 

It is always advisable, before commencing an analysis, to 
spread a sheet of clean glazed paper upon the table, on the middle 
of which the Blowpipe lamp is placed ; by this precaution, any 
substance falling from the charcoal or wire can be re-obtained, 
and the investigation continued. If it is of any consequence that 
the table be preserved from the hot falling assays, three or four 
sheets must be employed. The presence of foreign matter upon 
the paper must be particularly guarded against, otherwise, on a 
bead falling and coming in contact with it, a false result would 
necessarily follow. Fresh paper should be employed for each 
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With respect to the quantity of the substance which should be 
assayed when seeking its behaviour alone with the reagents 
before the Blowpipe, it is always advisable that too much be not 
taken. If, for instance, an analyst wishes to e2[amine the solubi- 
lity of an earth, mineral, et cetera, with borax or microcosmic 
salt, on the platinum wire, a piece about the size of a mustard 
seed is employed. In cases where metallic oxides are present, 
and the color only of the bead or glass is sought, considerably 
more is used, and in a pulverized state ; but if it is the reduc- 
tion of a metal by means of carbonate of soda upon charcoal, a 
still lai^er quantity is taken, and also in a powdered state. 
Experience, however, soon teaches the proper proportions in 
the different cases occurring. If too much substcmce be emir 
ployed, it inevitably follows that uncertain results are the con- 
sequence. 

In examining the relation of a substance by itself, or with 
fluxes before the Blowpipe, the operator proceeds as follows : — 

a. A part of the substance to be examined is gradually heated 
to redness, in a small glass retort, over the spirit lamp. During 
this process, all phenomena must be observed, — ^if decrepitation 
takes place, — ^if water or any other volatile body be eliminated, 
and its odor. The water condensed in the cooler parts of the 
retort should be tested by litmus or Bradl wood paper, to 
ascertain if it gives an add or an alkaline reaction. 

p. Anotheir portion is heated gently upon charcoal ; the odor 
will indicate volatilized adds, arsenic, selenium, or sulphur. The 
difference of smell should be noticed, when the sample is heated 
in the oxidating as well as in the reducing flame, since selenium 
and sulphur are best detected in the former, and arsenic in the 
latter. It should be noticed if the charcoal has become coated 
with a sublimate, and if near or at a distance from the assay ; of 
what color it is, and if it remains the same when cold as when 
hot. If the substance under examination be an earth, it must be 
heated strongly for some time, and then removed from the 
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charcoal to litmus paper, and moistened with a few drops of 
distilled water ; if an alkaline reaction occurs, the suhetance con- 
tains a carbonate of one of the alkalies ; for these occur in 
nature, — Witierits, StrwUianUsj Calcareom spar. Magne$Ue^ 
BitterspaTy et cetera, — and become caustic with strong^ heating, 
and exhibit alkaline propertiea 

y. If the mineral contains volatile metals, metallic oxides, 
sulphur, et cetera, it is examined in a tube which is open at both 
ends. The substance is placed within the tube, at a short dis- 
tance from one end, which is then heated with the spirit-lamp, 
and afterwards with the Blowpipe flama The tube is hdd in an 
inclined position. The more perpendicular the position, the 
stronger the current of air. It is yery easy to r^ulate the 
rapidity of the draught according to the rate of oxidation that 
may be required. 

In this treatment, many substances are sublimed, which were 
not when heated in the retort, because the access of air was com- 
paratiyely small. The oxygen of the air is absorbed, forming 
volatile acids or metallic oxides ; some escape as gases, and may 
easily be recognized by their smell, — sulphur, for instance, ex- 
haling sulphurous acid. Others are deposited in the upper and 
cooler parts of the tube, at greater or less distances from the 
heated body, according to their d^ees of volatility ; in the cases 
of arsenic and antimony, for example, the former is given off as 
arsenious acid, and the latter as oxide of antimony. 

8. In examining a substance with regard to iiA/usibility, a part 
is placed in a small cavity, formed in a piece of charcoal, and 
heated for a length of time in a strong oxidating flame. The 
more easily reduced metals and metallic oxides are acted upon in 
this experiment. 

If the substance be an earth or silicate, small pieces of it are 
broken off with a hammer, and a fragment chosen with a sharp 
point or side. This is held between the platinum points of a pair 
of forceps, and a strong Blowpipe flame allowed to play on the 
sharp extremity for some time. It will at once be seen if the 
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substance is fusible. If infusible, the sharp point or edge will 
remain unaltered ; if fusible, it becomes rounded ; and if entirely 
fusible, it will melt into a round bead. These appearances should 
be examined through a strong magnifying glass. When asubstance 
is heated in the inner jSame, the outer may become colored ; for 
instance, if the mineral contains potassa, the outer flame will be 
violet ; if soda be pesent, the flame appears yellow ; whilst 
lithia communicates a red tinge. If the three are together, the 
yMow flame predominates. 

Bebzelius treated those minerals which were found to be very 
infusible, in the following manner : — ^The substance is levigated 
in an agate mortar, with water. The menstruum, wit^ the finely 
divided particles floating through it, is dropped on the charcoal, 
and heated by the oxidating flame, to evaporate the water. This 
operation is repeated until the charcoal becomes covered with a 
coating of the fine particles, which are carefully coUected and held 
in the points of the forceps, and then subjected to a powerful 
oxidating flame. For the most part, some change takes place, 
owing to the extreme divisibility of the mineral, showing that the 
substance is not altogether infusible. In this case, the microscope 
will be in great requisition, in order to discern the action which 
may have been produced. 

When a mineral occurs in a granulated state, such as sand, 
one of the grains should be placed on the charcoal ; but as this 
is so apt to be lost, the better way is to knead the substance with 
water into a paste, which is then placed on the charcoal, dried by 
the oxidating flame, and examined as to its foedbility. This 
process should always be resorted to, when treating substances 
that are in a minute state of division. 

The heat obtained by blowing through the small hand Blowpipe 
is limited, so that there are some bodies which are never fused 
before it; silica and alumina, for instance, in however finely 
divided a state. Many minerals melt and tumefy, and thereby 
give a blistered glass, which, on account of the air-bubbles, 
appear opaque. The intumescence and blistering appear at a 
certain d^ree of heat, that is, when all the water is expelled. 
According to Bebzbuus, the cauliflower appearance which some^ 
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times takes place on heating, prooeeds from a change in the com- 
binafcion of the ingredients and their relative positions ; but the 
tumefiiction and blisteiing which occur in igneous fusion, he con- 
siders to arise only from the escape of some ingredients in the 
form of a gas, although it often happens that this ingredient is 
not discriminated in an analysis of HJie body. This occurs for 
the most part with silicate of lime or alkalies in combination with 
alumina. 

The examination of the comparatiye fusibility of minerals is of 
essential importance, as many which consist principally of earths, 
and contain very little of the true metallic oxides, can readily be 
distinguished by this mean& Hence it is that the list given by 
BoBE, in all the editions of his Manual of Analytical Chemistry, of 
a considerable number of minerals arranged according to their 
different degrees of fusibility, is of great interest 

Of the minerals which occur most frequently, the following are, 
when heated between the platinum points of a forceps in a strong 
flame, perfectly infusible : — QttartZy Corundum, Spinel, ZeylanUs 
— Pleonagte — AtUamolite — Oahnite — Olivine, Cerite, Zircon, 
Digthine — Cyanite — Leucite, Talc, GeUenite, Anikophyllite, 
Staurolite, AUophane, Kymophane, Gadolinite, Those that 
phosphoresce on being heated : — Butile Titaneisen— or Titani- 
ferous Oxydulated Iron — Tantdlite, Turquoise — Calaite — Chon^ 
drodite, Topaz, Yerj difficultly or only on the edges fusible, are 
particularly the following: — Adula/riie, Tekvrtine — AJbite — 
PetcUite, Labradorite, Anorthite, Tabular Spar, Meerschaum, 
Speckstein, Serpentine, Epidote. Those which tumefy on the 
first application of heat : — Dichroite — some varieties moderately 
fusible — Beryl— Emerald— Euclase, Titanite, Sodcdite, Sdiwers- 
tein — Tunffstate of Lime — Heavy Spar — Sulphate of Baryta — 
Celestine, Gypsum — Sulphate of Lime — Apatite, Fluorspar, 
The fusible are — ^the Zeolites, the most of which present intu- 
mescence when heat is first applied, Oligoklas — Soda Spodumens 
— Spodumene, which also tumefies, Meionite, Eladite, Nepheline, 
Amphibolite, the greater part of which effervesce during fusion. 
The Pyroxenes, of which those containing large quantities of 
magnesia are with difficulty fusible, Vesuman, Idoerase, whidbi 
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tumefies on melting, Orihite, which boils while fusing, Wolfrcm, 
BcracUe, DathoUte^ Batryolite, Taurmaiine, and Axinitey which 
swell up whoi melted, Amblyponite, Lazuritein, Hauyn^ Nosin, 
Eudyalite, and PyrosmalUe. 

c. The comportment of the substances with fluxes &ould be 
examined The fluxes are Bobax, MiCBOOOflMio Salt, and Gar- 

BONATB OF SODA. 

§ 1. — ^TfifiATMENt OF THE SuBSTANCE WITH BOEAX. 

This can be performed either on A platinum wire or on chaf- 
coaL If thel substance contains only earths and metallic oxides, 
it should be first examined on the wire. The following is the 
piethod of procedure : the loop of the platinum wire is first heated 
to redness in the Blowpipe flame, then rapidly dipped into the 
borax, and the adhering particles fused in the oxidating flame^ 
As it seldom happens that a sufficient quantity of borax adhetes 
the first time, the process should be repeated once or twice, uHtil 
a bead is formed large enough to fill the loop completely. The 
bead generally remains so firmly fixed in the loop, that it cannot 
be removed without force. If the wire is quite clean, the bead 
will be perfectly colorless, both when hot and cold ; if it should 
happen to be slightly tinged, which is easily perceived by holding 
it between the eye and tiie light, it niust be removed fix>m the 
platinum wire. The separation of the glass bead firom the wire y& 
easily efiected, by heating the bead strongly, and then quickly 
removing it firom the flame, placing it over a porcelain basin, and 
striking the wire against the rim ; it imonediately fieJls into the 
basin and solidifies. The quicker this operation is performed, and 
the firmer the wire is held, the more perfectly iff the separation of 
the bead effected. 

The borax bead melted on the platinum loop, must, when cold, 
be moistened on one side with the tongue, which side should then 
be brought in contact with the substance to be tested, in the state 
of fine grains, or of very fine powder, and the adhering partideff 
melted, together with the borax, in the oxidating flame. Ivt 

F 2 
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general, earthy substances are better examined when a single 
particle is at first dissolved, because when the substance is em- 
ployed in the state of powder, the undecomposed part cannot be 
well distinguished from the separated and insoluble portions \diich 
it may contain. With borax this is not so often the case as with 
microcosmic salt, for with the latter silicic acid is separated. 

When the oxidating flame is playing upon the assay, the 
operator must observe if it dissolve quickly or slowly ; whether 
any gas is generated ; if, when entirely dissolved, the glass when 
held between the eye and the light is colored ; and whether the 
color changes or remains the same on cooling. 

There are some bodies which, with borax in certain proportions, 
give a clear glass when hot or cold, but in the reduction, or more 
particularly in a quick intermittent flame, become opaque, milk- 
white, or opalescent, and, in some cases, even colored. This 
reaction is generally observed in such bodies as form clear glasses 
while melting, but are enameUed on cooling. Such is the case 
with the alkaline earths, with yttria, glucina, zirconia, oxide of 
cerium, tantalic and titanic acids, and with some others, as silica, 
alumina, sesquioxide of iron, oxide of manganese, et cetera. The 
presence of siUca hinders the phenomenon of the glass becoming 
enamelled on cooling. The same occurs with those silicates which 
give a transparent glass only when the assay is perfectly satu- 
rated, — oversaturated, the mass is, on cooling, opiique. When a 
bead of borax, containing a body in certain proportions, becomes 
opaque in a quick intermitting flame^ it is said to become turbidly 
streaked. 

Where metallic oxides are present, and the glass may be 
colored, it is necessary to observe that too much of the sample be 
not taken ; otherwise the color will be so deep as to be indis- 
tinguishable. When a glass is so dark that the hue cannot be 
decided upon, it must be pressed while hot between the points of 
a forceps, or drawn out into long thin threads ; thecolor can then 
be more readily recc^nized. Many judge of the color best with 
the naked eye ; others with a magnifying glass : but in the latter 
case, it must be particularly noticed that the glasses of the 
magnifier are not tinged, else false determinations will be the 
result. 
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Afker the color which a substance gives with borax before the 
oxidating flame has been remarked, and all the phenomena care- 
fdllj observed, the glass must be operated upon in the reducing 
flame, and in such a manner that no carbon be deposited on its 
surface. If there appear to be metallic oxides dissolved in the 
glass, which are not reduced by the borax, as for example, oxides 
of cerium, manganese, cobalt, iron, uranium, chromium, titanic 
and tungstic acids, et cetera, the operation must be effected on the 
platinum wire : but if metallic oxides are present, which are 
readily reduced to the metallic state, as the oxides of zinc, nickel, 
cadmium, lead, bismuth, copper, silver, antimony^ et cetera, the 
reduction must be produced on charcoal; otherwise, the metal 
would amalgamate with the platinum. 

When a trial is made upon the platinum wire, in the two 
flames, the change of cobr in the glass will be readily recog- 
nized, either when hot or cold ; but if the assay be heated on 
charcoal, the glass must be removed firom the wire as previously 
mentioned. 

The bead is placed in a small cavity formed in the charcoal^ 
and then exposed to the redudng fl^me. After continuing th^ 
flame for a few minutes, the glass is quickly removed, and pressed 
between the broad ends of the forceps, in order that the color may 
be more accurately perceived. Pressing the glass in this manner 
also possesses this advantage, that the protoxides, if there be any 
present, are not so liable to become sesquioxides, as when left to 
cool gradually upon the charcoal. 

If the glass contains an easily reducible metallic oxide, it often 
occurs that the charcoal becomes coated with a sublimate at ^ 
certain distance from the assay ; but this appearance takes placQ 
only when the oxides of selenium, tellurium, arsenic, antii^ony, 
bismuth, cadmium, zinc, tm, and lead are in excess. 
. When no color is given with the reducing fiapie on the wire, 
an examination should be made with borax on charcoal, in the 
following maimer. The hot glass is suddenly shook on the 
charcoal, and heated with a small quantity of pure metallic tin, 
and the mixture then strongly smelted in the reducing flame. 
The tin, having a great affinity for oxygen, abstracts part from 
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the metallic oxide contained in the aasay, and diaaolyes without 
tinging the glass, while the metallic oxide, which is conterUd into 
a protoxide, gives a characteristic hue to the glass an cooling. 
This method is generally resorted to when examining fior taoeaef 
copper or iron. 

When the hehayior of a substance containing a sulphide or 
arsenide is to be ascertained by heating with borax, it is best to 
sublime, first, most of the sulphur or arsenic, in an op^n tube, and 
then to heat on charcoal, with the necessary proportion of borax, 
and tin if requisite, in both flames, and observe all the striking 
characteristics. When sublimation-tubes are employed, they 
should be free from lead, for arsenic, if heated in a tube con- 
taining this metal, decomposes the glass. 

§ 2, — Treatment of the Substance with Micbooosmio Salt. 

As with Borax, it can be treated partly on the platinum wire, 
and partly on charcoal. If the substance contains earthy ingre- 
dients, or only difficultly reducible metallic oxides, the operaticm is 
to be conducted on platinum wire, in exactly the same manner as 
with borax ; but if it likewise comprises sulphides or arsenides, it 
must, as with borax, be treated on charcoal As microcosmic 
salt gives a very fluid bead when heated, a few additional bends 
should be made on the platinum wire, when this salt is used, to 
prevent the melted drop from felling; on charcoal, however, 
enough of the salt can be taken at once, as there are no obstacles 
in the way. This flux is better for many metallic oxides than 
borax, as the colors are often better ascertained when a sufficient 
quantity of the substance is dissolved. It also separates the 
adds ; — ^the volatile are driven off, and the fixed remain, and 
divide the bases either with the phosphoric acid, or remain 
uncombined, and float about in the molten n^uss. With the 
silicates, this is particularly the case : the silicic acid is separated, 
and flows through the glass in a gelatinous state. Silicates, 
when containing bases that, by themselves, produce in vitreous 
fluxes an opaque glass on cooling, give, in combination with 
borax, a clear glass ; but an opalescent, with microcosmic salt- 
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§ 3. — ^Tbsatbient of thb Substance with Gakoomatb 
OP Soda. 

When assaying a substance with soda, it is necessaiy to learn 
if it consists of earthy ingredients only, or of adds, free or in 
combination ; whether it is soluble ; whether it contains metallic 
oxides which give a reduced metal ; or if sulphides or arsenides 
are present, et cetera. The numerous examinations will be fully 
treated of, together with the pyrognostic effects produced upon 
metaUic oxides, when heated in > the Blowpipe-flame with Car- 
bonate of Soda. 

a. FfmhUity of a Substance with Carbonate of Soda,* 

A great number of bodies possess the property of uniting with 
soda, and forming combinations partly fiisible and partly infus- 
ible : to the former, but few belong, such as silica, and the metal- 
lic oxides of titanic, tungstic, and molybdic adds, et cetera; they 
are, however, more or less absorbed by the charcoal, if not in 
combination with silica. 

In testing the fusibility of a substance with Carbonate of Soda, 
the following is the mode of procedure : — 

The substance, when in powder, is kneaded into a paste with 
soda, a moistened spatula being used for the purpose ; but when 
in a granular state, one of the grains is taken, and covered with 
the soda paste ; in both cases a portion is placed on charcoal, and 
heated till all water is expelled ; the mass is then strongly ig- 
nited in the oxidating flame. The carbonate of soda will first be 
absorbed by the charcoal ; but when a sufficient quantity of the 
assay dissolves, it exudes, effervescence takes place, and a bead is 
formed. The treated substance, if insoluble in carbonate of soda, 
will, if decomposed, tumefy gradually, and change its appearance, 
without forming a bead. The operator should add fresh supplies 
of the flux, and renew the blast until he arrives at a satisfactory 
conclusion. When, to a substance, soluble in this flux, too little 
of it has been added, a part will remain opaque, surrounded by a 
clear glass ; if too much carbonate of soda has been suppUed, the 
glass will be quite opaque ; it is therefore always advisable that 
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the carbonate of soda be supplied in small doses at fint, and 
more added as the different changes ensue. If the glass assumes 
a yellow, red, or brown color, sulphur or sulphuric add has been 
present ; the smallest trace of these substances gives a decided 
reaction. When the substance has been examined on charcoal, it 
should be treated on the platinum wire in the oxidating flame ; 
if it expands and gives a bluish-green glass in cooling, manganate 
of soda has been formed, and, therefore, some oxide of manganese 
has been present Should the substance contain silica and oxide 
of cobalt, silicate of soda is formed, and the glass assumes the 
characteristic cobalt-blue color. When the previous reaction has 
been ^decided upon, and an operator wishes to ascertain the pre- 
sence of an alkali or earth, the substance must be treated upon 
platinum foil, with carbonate of soda. If the gla^s duri^g the 
fusion is clear and limpid, only an alkali is contain^ therein, but 
if something is deposited, an earth is present The alkali will 
also tinge the flame, which must be remarked. 

b. Reduction ofMetdUic Ofcides by means of Carbonate of Soda. 

In this process, metallic oxides, epsting in only very minute 
quantities in minerals, et cetera, m^y be more readily found than 
by tihe inoist way. 

There are some metals which, without the addition of carbonate 
pf soda, are reduced on charcoal in the reducing flame, and thus 
determined ; but if they are mixed or in combination with other 
substances irreducible, it is not oply difficult, but, in many cases, 
altogether impossible, to accomplish the reduction sufficiently, ix\ 
order to arrive at satisfactory results. For instai^ce, when a quan- 
tity of native or artificial oxide of tin is treated in the reducing 
flame upon charcoal, it is possible, with great exertion and &tigue, 
to obtain a metaUic globule ; but when carbonate of soda is used 
as an auxiliary, the reduction takes place readily. 

When a metallic oxide is in combination with a non-reducible 
body, which prevents its giving a characteristic reaction with car- 
bonate of soda, it must be treated as the annexed process directs, 

Enead the powdered sample, with moist carbonate of soda, intq 
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a paste, then place the mass on charcoal, and diiect upon it a 
strong reducing flame. The flux will at first be absorbed ; but 
more must be added, and the heat continued as long as any por- 
tion of the assay remains on the sm&ce of the charcoal The 
first portion of carbonate serves for collecting the metallic con- 
tents, while the latter is for completing the reduction of the re- 
maining unreduced metallic oxide. A few drops of water are now 
added to extinguish the ignited parts, and then the whole of the 
charcoal upon which the assay rested, is cut out with a knife, and 
put into an agate mortar, care being taken to lose nothing in the 
transfer. The mass is mixed with water, and ground to a fine 
powder. If there be any metal, fiK)m its greater specific gravity, 
it fiklls immediately to the bottom. Repeated levigations and 
decantations are then resorted to, till the whole of the pulverized 
charcoal is removed When the charcoal is entirely washed away, 
the metal, if any had been in the assay, will be found at the bot- 
tom of the mortar. If it is an infusible or a brittle metal, it 
appears in the form of a metallic powder ; if a malleable one, it 
produces flat shining plates. 

By this method, half a per cent, of 7Vi», and even a much 
smaller quantity of Copper y may be very easily detected. If, 
however, a number of metaUic bodies are contained in the same 
substance, they will be reduced, together, to a metallic alloy. 
Some, notwithstanding, are obtained singly, as copper and iron, 
which give reguli distinct fiK)m other metals. 

The metals which can be reduced by this means, besides the 
noble ones, are, — Molybdenum, Tungsten, Antimony, Telluiium, 
Lead, Zinc, Tin, Copper, Bismuth, Nickel, Cobalt, and Iron. The 
last three are magnetic, and can therefore be at once distinguished 
from the others. However, there are a few of Uiese which are 
partly or altogether volatile, and coat the charcoal with sublimated 
oxides ; namely. Antimony, Tellurium, Bismuth, Lead, and Zm& 
Some other metals, as Arsenic, Cadmium, and Mercury, are also 
reducible, but, being extremely volatile, must be heated in glass 
tubes, in order to obtain their sublimates. 

If, in these experiments, a metallic button, containing a num^ 
her of metals, is obtained, the alloy must be examined on char- 
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coal, with borax or microooemic salt, as will be hereafter adyerted 
to when treating of different quaUtative metallic assayings. 

When the substance under examination is a sulphide or ar- 
senide, or contains either sulphur or arsenic, these bodies must in 
the first place be driven off, and the metal oxidized, before the 
reduction test can be made. The process is conducted as follows : 
the sample is ground to an impalpable powder, and pressed into a 
shallow cavity in the charcoal with the spatula, then acted upon 
by the flame The oxidating flame is to play upon the assay 
first, by which means part of the sulphur is given off as sulphur- 
ous add, and the metal oxidised, which combines with the sul- 
phuric and arsenic acids, also fl»med in the process. When no 
more sulphurous add is evolved, which is readily recognised by 
-its characteristic odor, the reducing flame must be brought into 
action, whereby all sulphuric and arsenic acid is rednoed, and ike 
greater part of the metallic arsenic is expelled When the allia- 
ceous smell is no longer discernible, the oxidating flame is again 
resorted to, until decomposition is so far accomplished as to 
satisfy the operator. The assay is now turned over on the char- 
coal, and the other side treated in the same manner. The mass 
is then removed, again powdered, and once more treated on the 
charcoal with the oxidating and reducing flames. The sulphur is 
by this means entirely got rid of, but arsenic firequently remains as 
arsenic add, in combination with such oxides as those of cobalt 
or nickel, and can only be removed with great difficulty. When 
the substance contains a lai^ proportion of arsenic, whidi might 
be dangerous if it were allowed to escape in the room, previously 
to roasting, it should be treated in a tube, by whidi means the 
greater part of this metal sublimes, and condenses in the upper 
part 

If the substance contains neither cobalt nor nickel, but another 
metal with arsenic, the metal can be obtained by the reduction of 
the roasted sample with soda, perfectly free firom the arsenic ; 
but if cob^t or nickel be present, the reduced metal will always 
be contaminated with arsenic, and must therefore be further 
treated with boraa on charcoal. In this reduction experiment, 
^n operator must allow an uninterrupted strong flame to play 
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upon the assay. Great care must be exemsed in separating the 
charcoal which has become impregnated with reduced metal, and 
also in the levigation and decantation ; and, lastly, the metal 
obtained in grains, plates, or fine powder, must not only be in- 
spected with the naked eye, but also through a magnifying glass. 

When the substance is an earlji, containing no coloring metallic 
oxides, it is to be treated with a solution of nitrate of cobalt A 
piece is selected, of sufficient porosity to allow the solution of co- 
balt to permeate, and a few drops added. It is then subjected^ 
in the points of the forceps, to a moderate oxidating flame ; dui^ 
ing this process, the color will assume a characteristic aspect — ^if 
blue, pure alumina is indicated ; if rose-red, magnesia. If the 
latter color is discernible, the assay must be fosed, because, when 
magnesia is present, the rose-red tint is better brought out in a 
strong flame. Minerals containing lime, or an alkali, give a blue 
tinge, when strongly heated with cobalt ; but alumina gives it by 
a moderate heat, apd can, therefore, be readily distinguished 

Those dystalline rocks which will not admit of the solution 
permeating, must be reduced to a fine powder in an agate mortar ; 
then kneaded into a paste with water, and spread on the charcoal 
The solution of nitrate of cobalt is now added, and the mass sub- 
jected to an incipient red heat If decomposition does not take 
place, the color imparted, — ^blue, red, or black, proceeds from the 
cobalt solution only, and not from any of the ingredients. If the 
mass separates from the charcoal, after the moderate red heat, as 
a thin pellicle, it must be submitted to an int^ise oxidating flame, 
in the points of the forceps. The color now imparted must be 
observed on cooling, by daylight ; because, when seen at candle- 
light, a blue often appears dirty violet, or even red, by transmitted 
light 

When a metallic oxide is present in a mineral, which may give 
a colorless result, it will not interfere with the alumina or mag- 
nesia reaction, unless a large quantity is present, and then the 
mass wiQ generally become grey or black. In treating some 
minerals per se on charcoal, or in the reduction test with carbo- 
nate of soda, the metal often sublimes, becomes oxidized imme- 
diately, and is deposited upon the charcoal. Many such oxides 
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are eagily expelled by an oxidating flame, othen wiiih greater 
difficulty, and some not at all ; bo that it is often almost impos- 
sible to separate the pellicle of oxide from the charcoaL If such 
a film rest upon the support after the experiment, a few drops of 
a solution of nitrate of cobalt is to be added to it, and the assay 
submitted to a pretty strong oxidating flame. If zmc be present, 
a distinct bright green color will be imparted to the substaaoe, 
which should be viewed through the microscope. 

The quantity of the cobalt solution to be employed depends 
greatly upon its strength : experience, however, very soon teaches 
the proper quantities to be taken, in order to obtain a dedded 
reaction. 

Minerak, et cetera^ examined according to the foregoing rules, 
in flasks, open tubes, and with fluxes, in the different flames pro- 
duced by tiie Blowpipe, give numerous phenomena from which 
results must be gathered ; and attention must be given to the 
slightest occurrences that ensue, for such often lead to the dis- 
covery of substances, neeer tttppaged to eaitt in the assay under 
examinaium. 

The results, however, obtained in the examination of an un- 
known body before the Blowpipe, can be fully appreciated only by 
those who are acquainted with chemistiy, and, therefore, no rules 
can be laid down sufficient to detail all the minutiie, as they can 
be arrived at by industry and practice only. 

^ B General Rvlesfor Qualitative Bbtepipe Analysis, hy means 

of which, partly with the assistance of the moist way, 

the single ingredients of compound bodies 

may be detected. 

If by means of the Blowpipe, alone, or with glass fluxes, the 
constituents of a compound body are not satisfactorily determined, 
the moist way must be resorted to, in order to ascertain, as nearly 
as possible, the collective ingredients. By such an association an 
operator can, with accuracy and facility, examine the generality of 
bodies composed of different earths and metallic oxides, native 
silicates, slags, et cetera. 
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For tiie mampulation, 100 to 150 milligrammes of a substance 
are quite sufficient to take, in order to detect all the ingre- 
dients ; and should the operator be an expert Blowpipe analyst, 
he will find that less will serve— only a small ^portion of a liquid 
reagent is necessary. When its pyrognostic qualities have been 
remarked, or the class to which it belongs has been determined, 
and whether it is an alkali, — earth, metallic salt, silicate, alumi- 
nate, compound metallic oxide, metallic oxide with an earth, 
metallic sulphide, — or a combination of different metals, including 
arsenic and selenium, the single ingredients may readily be recog- 
nized. The procedure will be particularly adverted to in the qua- 
litative analysis of alkalies, earths, metallic and non-metallic 
bodies, and such substances as -are met with in nature. To pre- 
vent a repetition of many manipulations, we shall previously 
describe the methods for melting and dissolving, et cetera, and 
afterwards give them separately. 

§ 1. Smbltdtq or thb Substance with Borax and Carbonate 

OF Soda. 

A compound in which the earths cannot be detected by a 
single reaction, must be triturated in an agate mortar to an im- 
palpable powder, and from 75 to 100 milligrammes employed for 
the analysis. If it contains sulphides or arsenides it must be 
roasted twice with charcoal, ui a manner similar to the quantita- 
tive assaying of copper, to expel all or the greater portion of the 
sulphur or arsenic, and to oxidize the metals which are generally 
combined with traces of formed sulphuric or arsenic acids. The 
powder is now triturated in a mortar with carbonate of soda and 
borax, the proportions of these reagents being rectified according 
to the degree of solubility of the assay ; the mixture is then 
pressed in a comet of soda paper, similar to a quantitative copper 
assay, and operated upon in a cylindrical cavity made in a piece 
of charcoal, by an intense Blowpipe-flame. In general, the melt- 
ing is more readily effected in the oxidating than in the reducing 
flame. If sulphuric acid or reducible metallic oxides are not 
present, the oxidating flame is always preferable^ but if otherwise, 
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the redudng flame, — ^in which the metallic oxides sublimey and 
the sulphuric acid is reduced to sulphur, which combines with 
the sodium, et cetera. 

When the metallic oxides are in such small quantities as to be 
difficultly reducible to separate beads, 200 or 300 milligrammes 
of lead are added, or else a globule of silver, weighing 80 to 100 
milligTammes, and the process is carried on like a quantitatiTe 
sQyer examination. By this method, the earthy materials, and 
difficultly reducible oxides, undeigo the igneous fusion, and form 
a light liquid pearL The sulphuric acid, adds of arsenic, and 
easily tested oxides are reduced, if present ; the sulphur combines 
with the sodium and some of the other metals, the metallic ar- 
senic partly sublimes and is partly absorbed by the alloy, and the 
non-Bublimable metals unite, particularly when lead or silver has 
been added, fonning a globule. The metallic globule attaches 
itself to the glass, especially if lead is predominant, a part of 
which volatilizes. The metallic oxides dissolved in the glass are 
principally in the state of protoxides. An intense oxidation or 
reduction must be employed for the preceding analysis, because 
otherwise fluidity, or the reduction of the different ingredients, 
would not ensue. The smelted assay must be obtained limpid, 
and be as free as possible from bubbles and metallic particles. 
When much magnesia is present, it is difficult to obtain a trans* 
lucent glass, therefore more borax is to be added. If, after bbw- 
ing for some time, metallic lamin» are still perceived, it indicates 
reduction of the oxides, or solution of the non-reducible parts ; 
therefore the heat must be continued. 

When an analysis is completed, the assay must immediately 
be removed from the charcoal, by tapping it upon an anvil or on 
paper, to an agate mortar, and pulverized. This precaution is 
necessary, because the ignited mass readily absorbs moisture, 
becomes unctuous, and is therefore powdered with difficulty. 

When the assay has been fused in the reduction flame, whereby 
metallic globules are obtained — compound alloys, containing the 
lead or silver added with other metals, — these must be separated 
from the molten mass, by allowing it to flow gently from side to 
side upon the charcoal, while covered by the reducing flame. 
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The ^hole is then removed with a spatula, and the carbonaceous 
particles either burnt or scraped off with a knife. The glass is 
then separated upon the anvil from the attached metallic globule. 
If the necessaiy reduction heat is not attended to, part of the 
metallic oxide maj remam, or a trace be oxidized through the 
medium of the lead, and dissolved in the glass, which may have 
such an influence on further manipulation as to give entirely fjEtlse 
results. 

The metallic oxides which are easily reducible with carbonate 
of soda and borax in the reducing flame, and which can readily 
be separated from certain earths and other irreducible metals, are 
as follows : — ^Arsenious, Arsenic, Antimonious, and Antimonic 
Acids ; Oxides of Antimony, Silver, Mercury, Copper, Bismuth, 
Tin, Lead, Cadmium, Zinc, and Nickel. Selenium, Tellurium, 
Osmium, Gold, Platinum, Iridium, Khodium, and Palladium are 
never m^t with in nature, but in the metallic state ; they are, 
therefore, readily separated from certain earths and metallic 
oxides by cupellation with lead or silver. Those metals which 
are volatile, evolve, either partly or entirely, a vapor by such 
fusion, which condenses in the charcoal The metallic oxides 
which are not reduced when melted with carbonate of soda and 
borax, are — Sesquioxide of Chromium, Molybdic, Tungstic, Tan- 
talic, and Titanic Acids ; Oxides of Uranium, Cobalt, Iron, Man- 
ganese, and Cerium. These can, however, be readily separated 
from the earths, and recognized by their pyrognostic effects, as 
will be adverted to under the different heads. 

§ 2. Method of TBEATiKa with Htdroohlobic Acid the Sub- 

STAKOE MELTED WITH CaBBONATB OF SODA AJXD BORAX. 

The powdered glass is removed to a porcelain basin, and then 
a£Pused with an excess of hydrochloric acid. The menstruum is 
now to be stirred with a glass rod, and the whole heated upon 
the triangle, over the flame of the lamp. By this treatment 
soluble and insoluble parts are separated, the sulphide of sodium 
is decomposed, the sulphur combines with the hydrc^en of the 
add, and is eliminated as sulphide of hydrogen — ^hydrosulphuric 
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acid, — and the other substanoeB, except the silicic add, fonn 
metallic chlorides. But as silicious combinations only are gene- 
rally separated by fusion with carbonate of soda and borax, con- 
sequently, in these cases the operator very seldom encounters 
Molybdic, Tungstic, Tantalic, and Titanic acid& 

So soon as the solution is completed, the whole menstruum is 
to be evaporated slowly to dryness, under a chimney, in order to 
prevent the metallic chlorides, principally composed of chloride of 
sodium, from being lost by decrepitation. . 

The evaporation serves two purposes, — ^to expel the excess of 
acid, and to separate the silicic acid — silica — as gelatinous hy- 
drate. When evaporated to a consistency, distilled water is 
added, and the whole mixture again heated ; whereby the metallic 
chlorides are dissolved and separated from the insoluble residue. 
If the residue contains silica, it can readily be recognized, by fil- 
tering, washing, and treating what remains with microcosmic 
salt, or carbonate of soda, before the Blowpipe. 

If the substance contains sesquioxide of iron, it becomes re- 
duced, when smelted, to the state of protoxide ; and is not, on 
the addition of hydrochloric acid, again converted into the sesqui- 
oxide. As it is, however, absolutely necessary, in ord^ to detect 
accurately the different constituents, that the iron should be in 
the state of sesquioxide, a few drops of nitric acid are to be added 
to the filtrate, from the silicic add mixed with the first water 
used in the edulcoration, and heated, in order to aoc(Hnplish the 
purpose. The different constituents intended for examination 
are then separately investigated, according to the methods given 
under their respective heada. 

§ 3. Smelting of the Substtange with Nitrats or Bisul- 
Mats op Potassa. 

When only one of the constituents of the substance under exa- 
mination is sought, it is sometimes necessary to frise it with salt- 
petre, in order to convert that constituent into a higher oxide ; 
or, in case it be an add^ to combine it with the potassa of the 
saltpetre, from which it can be easily separated and recognised. 
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In the same manner a substance is often fdsed with bisulphate of 
potassa, and the melted mass dissolved in water, in order either 
to free it immediately from certain constituents, or to convert the 
whole into sulphates, and thus be able, after the solution in water, 
to effect the separation of its different components. 

Fusion with saltpetre may sometimes be performed in the 
loop of the platinum wire, but it would be better to employ a 
platinum spoon. The surface of platinum is oxidized slightly by 
saltpetre ; but this is of no moment, as it produces no disadvan- 
tageous effects on the experiment, and the destruction of the 
spoon need not be feared. Pulverulent and pulverizable sub- 
stances should be mixed in a finely triturated state, in a mortar, 
with the necessary quantity of saltpetre. Metallic aUoys, which 
do not admit of being pulverized, must be reduced to a finely- 
divided state either by the hammer or file. The quantity 
of saltpetre to be used can be ascertained from the fiusUity with 
which the substance undergoes oxidation ; from three to four 
times the bulk of the substance may generally be employed, pro- 
vided it does not possess a great speci&c gravity. When one 
constituent only is sought, the fusion may take place on the plati- 
num wire, but the mixture must in such a case be moistened with 
a little water, and in a soffc or doughy state be placed on the 
loop. The oxidating flame alone is used in the fusion, and 
when the mass has ceased to vesiculate, another portion of the 
moistened mixture i3 to be added to the fused mass, and both 
melted together : this is to be continued until the molten mass, 
owing to its size, can no longer remain attached to the wire. 
During the fusion the wire must be held obliquely, and in such a 
manner that the loop is directed downwards ; as, otherwise, the 
saltpetre would be apt to flow along the wire. 

K it is conjectured that the substance contains only an ex- 
tremely small quantity of the body sought, or if it be intended to 
oxidize other constituents, in order to be able, in this state, to 
subject them to further treatment, — or if a metallic alloy, or an 
unpulverizable substance be under examination, — a larger quan- 
tity must be taken for the experiment, and the fusion performed 
in a platinum spoon. The whole mixture should not, however, 
be put into the spoon at one time, but only small portions ; be- 

a 
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cause, dmisg the foaon, gas and yqpor ai« g^ven oflf, nUcfa 
would easily cause the meltbg mass to swell and flow o^er the 
margin. The spoon should be fiist treated eztemally on the bottom 
with the oxidating flame ; the flame should then be directed into 
the substance, and the whole fused until it becomes perfectly, fluid ; 
the remainder should then be added to it in small portions, and 
the mass perfectly liquefied after each addition. During the fusion, 
the position of the spoon before the oxidating flame should be so 
changed, that eveiy part of the mass to be fused be subjected to 
its action, and the spoon itself raised to a red heat 

Such metallic alloys only can be treated with saltpetre in a 
platinum spoon as are readily oxidized, and do not combine with 
the platinum at a temperature capable of being produced by the 
Blowpipe. The fusion of a metallic alloy widi saltpetre is thus 
confined to the detection of traces of arsenic, in such metals as 
can with difficulty be separated from it, and those which are ex- 
ceedingly difficult of fusion, as, for example, nickel 

The fusion of a substance with bisulphate of potassa may also 
be performed in a Luge platinum spoon, either in the same man- 
ner as with saltpetre, or still better in the flame of the spirit 
lamp ; the substance must, however, be perfectly dry, and in a 
finely divided state. When the fusion is made with the Blowpipe, 
some of the sulphates formed by such a manipulation may be again 
deprived of their acid by the strong heat If, however, the fusion 
is perfonned in the flame of the spirit lamp, the spoon in the 
commencement being held only over the top of the flame, until 
the greater part of the gases escape, and then sunk deeper in the 
combustible, so that the heat may act equally from all sides on the 
bottom of the spoon, the melting mass will be raised to an inci- 
pient red heat only, and the salts so formed will not be decom- 
posed. In some cases, where a large quantity of the salt must be 
employed, the spoon becomes filled before the whole of the mix- 
ture has been added. In this case the fluid mass should be 
poured out on the anvil, and the remainder of the mixture then 
melted. It is also sometimes advisable to pour out the melted 
mixture, particularly in the examination for titanic acid, where 
the water necessary for its solution cannot be raised to the boiling 
point The quantity of bisulphate of potassa which should be 
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employed, depends upon the different constituents of the sub- 
stance ; thus, for example, for protoxide of iron, three to six 
times ; for lime, four or five times ; for magnesia, six times ; and 
for alumina, seven to eight times the weight of bisulphate is re- 
quired to convert them into sulphates. The operator always pro- 
ceeds more cautiously by employing a slight excess of the add salt, 
as the oxides of iron, and alumina, by continued high temperature, 
lose with great facility a part of their combined sulphuric acid. 

§ 4. SoLUTiOK IN Water of the Substance Fused with Salt- 
petre OR Bisulphate of Potassa. 

The solid mass obtamed by fusing a substance with saltpetre 
or bisulphate of potassa, whether on the platinum wire or in the 
platinum spoon, cannot, unless it has been poured out when in a 
state of fusion, be well pulverized, and in this state dissolved in 
water, because in the removal of such a mass the platinum is lia- 
ble to be tarnished ; it is, therefore, necessary to place the wire or 
the spoon with the fused mass in a porcelain basin or cup, pro- 
portionably to the volume of the mass, then pour over it the 
quantity of water necessary for its solution, and place the vessel 
on the triangle over the flame of the lamp. As the water be-' 
comes warm, the mass generally separates from the platinum, 
and can then be crushed with the pestle of the agate mortar. 
In most cases the water can be raised to the boiling point, and 
the mass thus easily dissolved ; but if a titaniferous mineral be 
melted with bisulphate of potassa in order to render the titanic 
acid soluble, the water must not be raised to the boiling point, as 
otherwise the titanic would not be dissolved, and even that part 
which was, at a low temperature, would be again precipi- 
tated. The manner of treating the solution, and the residue 
which could not be converted into sulphates, will be more fiilly 
entered upon hereafter, when we come to speak of the qualitative 
examination of earths and metals. 

§ 6. Precipitation — by Cryotallized or Pulverulent Re- 
AOBNTS — of Single Constituents dissolved in Fluids. 

If it be necessary to decompose a clear solution with a dxj salt, 
the acid or base of which is capable of combining with one of the 

o2 
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constituents of the dissolved salt, and as a compound insoluble 
in this fluid is precipitated, the fluid must in most cases, after the 
addition of the salt, be slightij heated, in order that it might 
easily dissolve, and thus serve as a reagent In some cases it is 
also better to warm the liquid before the addition of the aalt, as 
in this case the precipitate is instantly produced Thus, for ex- 
ample, baryta and strontia can be precipitated by pulverized 
bisulphate of potassa ; lime by crystallized oxalate of ammonia ; 
magnesia by microcosmic salt in crystalline grains ; phosphoric 
add by a crystal of nitrate of silver ; chromic acid by acetate of 
lead, et cetera. The quantity of the reagent used each time entirely 
depends upon the quantity of the substance to be precipitated. 

§ 6. Dboantation, Filtration, and Edulooratioit. 

In cases where only one substance is to be sought, in the dear 
liquid which covers a residue or precipitate, it is only necessary 
to pour off carefully the greater part of the liquid. But if the 
liquid, or the residue, or precipitate is to be examined for a num- 
ber of constituents, the whole should be filtered, and the residue 
on the filter edulcorated with water. 

A very thin, porous, or unsized paper should be employed, 
which should be cut into filters, of an inch or an inch and a half 
radius. For exceedingly small precipitates, where it may be 
necessary to remove a portion of the paper with the precipitate, 
filters should be made of Swedish paper, which is prepared with 
distilled water, or from paper fireed from its earthy constituents 
by means of hydrochloric add, next well washed with distilled 
water, in order to remove the adhering add and salts, and then 
dried. 

The operator should proceed in the following manner with the 
filtration and edulcoration. The filter, placed in the funnel, 
should be saturated with distilled water, in order that as littie as 
possible of the dissolved substance might remain behind in it, the 
liquid and predpitate, or residue, should then be poured by degrees 
on it ; the glass which contained the mass washed with a little 
water thrown on the filter, and the whole liquid allowed to peix»- 
late. ff the filtrate contains a number of substances, which it is 
intended to examine, the filter should be filled with water, which 
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dissolves the greater part of the soluble matter still adhering to 
the filter and its contents ; this water, on passing through, should 
be added to the first liquid. No more of the water used in the 
edulcoration should be added to the filtrate, otherwise it becomes 
too dilute, and the constituents are very difficult to be separated 
from one another. The fdnnel, with the filter, should then be 
placed upon another vessel, larger, — as for example, a flask with 
a narrow neck, — and the residue well edulcorated with more 
water. The washing-bottle described at page 33 can be used in 
edulcoration, in order the better to bring a small precipitate to 
the bottom of the filter. It seldom happens that boiling water is 
necessary to wash a precipitate ; cases, however, occur where boil- 
ing water may be used with advantage, particularly with ai^iQar 
ceous precipitates, which are to be further treated. In this case, 
the operation may be performed in the following manner : dis- 
tilled water should be poured into a porcelain vessel, and boiled 
over the spirit-lamp ; a portion should then be sucked up with 
the glass pipette, described at page 32, and ejected on the preci- 
pitate ; when this portion has filtered through, the operation is 
to be repeated until the afiusion is complete. 

§ 7. Desigoation of the FiLTEfiED Residubs and Precipitates. 

Sometimes it is not necessary to dry the residue or precipitate, 
as it may be subjected, while still moist, to further investigation. 
Cases, however, occur where it must be perfectly dried, and in 
this state further treated with fluxes on charcoal, or in the plati- 
num spoon. 

If the substance to be dried is in sufficient quantity, the filter 
should be opened out on two folds of bibulous paper, the mass 
spread out with a spatula, and introduced into a perfectly smooth 
porcelain basin, and exsiccated over the flame of the lamp. But if 
the residue is small, the unfolded filter should be held to the light, 
and the part of the paper on which none of the precipitate is 
seen cut off with a scissors, and the remainder, containing the fil- 
tered mass, dried in a small porcelain basin. When the paper is 
dry, it is to be folded double, and inflamed at one end, while 
firmly held at the other with the forceps, and thus allowed to 
bum over a dean dry porcelain basin ; into this the residue 
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gradually falls, mixed with a little carbon, wbidi la easily 
burned off in the platinum spoon ; but it is unnecessary when 
the diy mass is to be farther treated with fluxes, as it is by this 
means destroyed. 

It would be superfluous to mention here eveiy trifling appliance 
which so offcen contributes to the success of a fusion, a solution^ 
et eet&ra, as ereiy person brings to his aid peculiar advantages 
and manipulation. 



REACTIONS BEFORE THE BLOWPIPE OF DIFFERENT 
OXIDES, ET CETERA. 

We now enter upon a tabulated system, showing the reactions 
of alkalies, earths, and metallic oxides, alone, and with reagents 
in the oxidation and reduction flame of the Blowpipe. 

When a substance is heated alone on charcoal, the operator, if 
expert, will readily be able to discern whether he has an alkali, 
earth, or metallic oxide for his assay. The alkalies and earths 
will either color the flame yellow, yellowish-green, violet, red, or 
crimson, or will give some characteristic light or appearance, as 
folly explained under each head. The metallic oxides will afford 
globules or grains of metal, brittle or malleable ; exempli ffratia, 
lead, silver, bismuth, antimony ; or will indicate copper by 
yielding a red regulus ; or they will emit a peculiar odor, tide 
arsenic — or tinge the flame,-— copper, antimony, et cetera. 

Another remarkable feature of these compounds is, that they 
impart to beads of borax and microcosmic salt, most beautiful 
colors, cobalt giving a deep azure, manganese an amethyst, chro- 
mium an emerald-green. 

Many substances give most excellent reactions with carbonate 
of soda, either on charcoal or platinum, or in a test-tube, as 
cadmium, mercury, manganese, while others yield admirable 
results with a solution of nitrate of cobalt on charcoal, alumina^ 
and 2dnc especially. 

Heating in a test-tube ought never to be dispensed with by the 
blowpipist, and this should precede his dry assay, as much trouble 
may thus be saved If he heats his substance with lime in a 
test-tube, ammonia may be evolved, which will be known by its 
pungent odor ; or if, per se, he will ascertain whether a sublimate 
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is produced, or any peculiar smell developed ; if decrepitation 
takes place ; whether the volatile products possess an acid, alka- 
line, or neutral reaction ; if organic matter be present by the assay 
blackening; and the degree of fusibility. 

Swamination in the Bcmx Bead, 

As this kiivi of examination serves particularly for the recogni- 
tion of metallic oxides, it is promoted chiefly by the conversion of 
metals, sometimes present in the substance to be tested, into 
oxides, by a process of roasting. Metals which are combined 
with sulphur, arsenic, et cetera^ dissolve not only with difficulty 
in borax, but exhibit also therewith a behavior differing more or 
less from that of their oxides. 

Before mixing the assay with this salt, it is requisite that the 
powdered substance be roasted on charcoal or in a glass tube. 
When the most complete oxidation, as well as the volatilization 
of sulphur, arsenic, et cetera^ is to be effected, it must be fre- 
quently repeated. Before every fresh roasting, the substance 
should be rubbed in an agate mortar. Metallic sulphides and 
arsenides are with advantage subjected alternately to an oxidizing 
and to a reducing roasting process. The latter is accomplisklBd 
by mixing the powdered substance with charcoal or graphite in an 
impalpable state, and then roasting the mixture in a glass tube, 
or on charcoal Precisely the same methods are available in the 
treatment with microcosmic salt, and before submitting the sub- 
stance to a reaction, it is necessary that the above procedure 
should be adopted. 

Examination in the Microcosmic Salt Bead, 
By this examination, as well as by the previous one, the exact 
observation of the color which the bead shows in the hot condi- 
tion, while cooling, and when cold, and also in the oxidation and 
reduction flames is obtained. Beads in which certain oxidized 
bodies have been dissolved, possess the property of becoming 
turbid or opaque by sudden changes from a stronger to a weaker 
blast with the flame of the Blowpipe. This description of blowing 
is termed fluttering. The same result can also be obtained by a 
slow and gentie heating of the previously cooled bead ; the tur- 
bidity at last will also arise from increased additions of the sub- 
stance under treatment 
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TABI.B I. — ALKALTUR AND EARTHS. 



IF Compartment of Alkalies, Earths, and Metallic 

I. ALKALIES 



ALKALIES. 



Upon Platinum Wire. 



I. Potassa. KO. 



When oorered with the point of the hlue flame, the ooter flame it 
A imaU addition of Soda prevents this reaeUon. • 



colored Tiolei. 



2. Soda. NaO. 



The flame is oolored yeUow, although Potaaa is present. 



3. Lithia. LO. 



If no Soda be present the flame is reddened. 



4. Aininofda.N H*. 



EARTHS. 



Upon Charcoal, and with Borax, on the Platinum Wire. 



6. Baryta. BaO. 



Gaostic ; inftistble. The Hydrate and 
CSarbonate melt, and an absorbed by the 
CharooaL 



The Carbonate decrepitates, and forms 
a bead, which is transparent when cold. 



6. Strontia. SrO. 



HydratCjAislble: the Carbonate, only 
partly so. The moist solable salts redden 
the reducing flame. 



Ditto. 
With mobt sohible salto, the flame is 
intensely 



7. Lime. CaO. 



Caustic; not changed. The Carbonate 
becomes caustic, and emits an intense 
white light. 



Readily dissolTsd. The Carbonate de- 
flagrates, and forms, when cold, a trane- 
parent crystalline glass. 



8. Magnesia. MgO 



The Carbonate is decomposed, and the 
residue emits a strong light, and has an 
alkaline reaction. 



Like Ltane ; hot the bead formed is not 
so crystalline. 



9. Almnina. A1*0». 



Not changed. 



Fuses to a colorlees glass, which re- 
mains so when cold. 



10. Glucina. G1«0*. 



Ditto. 



Fuses to a colorless glass, whidi be- 
comes sllj^tly opaque by an Intermittent 



11. Yttria. YO. 



12. Terbia. T0» 



Ditto. 



BehaTes like Olndna. 



13. Erbia. E0». 



Assumes a lifter color in the redno* 
tion flame. 



No striking diange. 



14. Zirconia. Zi«0» 



Infusible, but produces a Tory glaring 
white light. 



Fuses to a colorlees glass, which be- 
comes slightly opaque irtien cold. 



15. Thoria. ThO. 



Not changed. 



With a minute quantity, forms a clear 



1 6. Silicic Add. 



Ditto. 



OlTes a transparent and colorless bead. 
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MdeSy aloney and with BeagentSy in the Bhwpipe Flame. 
.ND EARTHS. 



Upon Platinum Foil. 


Remarhi. 


The only way that Potaiaa, If contained In a mixtnre of Potaaaa and 
Soda, can b« detected by the Blowpipe, is to foM a clear bead of Borax 
vith a suuUl quantity of Oxalate of Nickel, upon the PlaUnum wire, and 
to add the Mixtore. If Potaiaa be present, the brown color of the Nickel 
^bead U changwl to blue: a Mit of Boda effects no nieh change. 


When in sofaition, they thige 


Fuses, with the formation of a dark yellow ooating on the soiftce. 





I It affecto Litmus Paper in the same 


With Microcofimic Salt, 
upon Platinum Wire. 


With Carbonate of Soda, 
on Charcoal. 


With a Solution of Cobalt, 
in the Oxidating Flame. 


As with Borax. 


DtosoWes, and to absorbed by the 
Charcoal. 


Fuses to a yellowish red globule, 
which to eoloriess when oold. Be. 
comes greytoh by exposure. 


Ditto. 


Caustic: insoluble. The Carbonate 
CharcoaL 


SdntiUates and partakes of a bhMk 
or dark grey color. 


A colorleM bead, which, if aatarat- 


Notdtosolved. The reagent to ab- 
sorbed by the Charcoal. 




Ditto. 


No action. 


Assumes, on cooUng, a beantilul 
flesh.red color. 


Fuses to a transparent glass, which 
becomes allgfatly opaque, if an excess 
to present. 


Intumescent, with the formation of 
an insoluble compound. The excess 
of Carbonate of Soda to absorbed. 


upon cooling. 


As with Borax. 


No action. 


Ini^ble, but becomes of a blntoh 
grey color. 


Like Glncina. 


Insoluble. 





As with Borax. 


Ditto. 





Fuses Tery slowly ; and to scarcely 
ransparent when cold. 


No acUon. 


Partakes of a dirty rloiet color. 


As with Borax. 


Ditto. 





Ditto. 


Ditto. 


With a Tery sniaU quantity of the 
Cobalt Solution, a slight blue color 

grey, when an encessto present. 
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Metallic 
Oxides. 


Per Se, on Charcoal. 


With Borax on a Platinum Wire. 


In the 
Oxidating flame. 


In the 
Reducing flame. 


In the 
Oxidating flame. 


In the 
Reducing flam 


1. 

Sesqnioxide of 
Cerium. 
Ce«0». 


higher oxide. In the Redoolng flame. 


or dark yellow gfaus. 
\niencool. theghMsis 
only yellow. 


ThegUMS cotktahi 

that a yettow oside 
comes oolorless. Wl 
a large quantity of 
oxide is present, the K 
is on cooling of an el 
mel white aystallj 
texture. 


2. 

Oxide of 

Lanthaninm. 

LaO. 


Unchanged. 


Glres an opaline gla«. 


3. 

Oxide of 

DidynuTiin. 

DiO. 


Unchanged. 


Becomes grey^ 
losing its brown 
color. 


"~*r!^ 


Nodumfft. 


4. 

Sesqnioxide 

of 

Manganese. 

Mn«0». 


InftnEMe. On heing aiiilitly heated. It 
becomes of a brown color. 

The Per-, Sesqai-, and Protoxidee« pro- 
duce limUar efTects. 


Intensely colored:— 

hot;Tiolet,withaUnge 
ofred^whenoold. Ua 
laige qoaatity is pre- 


The pink bead 
comes colorless. Bhoi 
the color be v«ry 

mooeed better a| 
ebareoal with the ad 
UonofaaBaUquaxLt 
of Tin. 


6. 

Sesqnioxide of 
Iron. 
Fe«0». 


Jfodhange, 


magnetic. 


When a small qnan- 
Uty is present, the glass 
isyeUowwhUehot,bat 
colorless when cold. If 
a large quantity is pre- 
sent, it U red when hot, 
yellow on cooling. When 
an excess is present, it is 
dark red when hot, dark 


OnPiatinmnwlrBt 
glass beoomes bot 
green. Onchareoalw 
thi, the glass contain! 
the oxide of iron 1 
comes bottle gre«n. < 
the platinum wire, t 
glass heated with T 
Immediately appet 


6. 

Oxide of 

Cobalt 

CoO. 


No thimg9. 


Deep blue, whUe hot, and when cold. Shou 
an excess be present, the glass wiU appear of 
blackish hue. 


7. 

Oxide of 

Nickel 

NiO. 


Nodumge. 


Strongly colored.— 
When a small quantity 
is present, the glass is 
violet when hot, and 

cold. 


The glass cont^ni 
the oxide becomes e 
or quite opaque fromA 

metaUic nickel. By tti 
blowing, the particle 

other, forming a grloM 
or bead, and the fl 
beoomes colorless. 



MBTALLIG OXIDES. 
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With Microcoamic Salt on Platinum Wire. 



In the 
Oxidating flame. 



In the 
Keducing flame. 



With Carbonate of Soda 

on Charcoal or 

Platinum. 



With a Solution 
of Nitrate of 
Cobalt, in the 

Oxidating flame. 



Aiwith BoiBx; bat the 
rim diMppeut entirely 

kacold. 



The ghua Ib eolorlees when 
hot and cold ; by this reac- 
Uon it ie distinguished 
from iron. The glass re- 
mains also clear when over 
saturated. 



Not ftiaed ; soda absorbed by 
the diareoal, the metal remain- 
ing upon the surface of the sup- 

t, In the state of a white or 

itish grey protoxide. 



port, 1 
lightis 



No reaction. 



As with Borax. 



Ditto. 



Insoluble. The soda is ab- 
sorbed by the charcoal, and the 
oxide remains, having a grey 
color. 



When a large quantity Is 
4ded, ths glass appears vlo- 
st, bat on the addition of 
MK, It acquires a black 
lAge. If the salt contains 
OKh oxide, on being heated 
tioogly.gasis evolved. Salt- 
wtre aasiiti in bringing out 
be color, when added. 



The glass becomes In- 
stantly colorless, both on 
platinum wire and charcoal. 
After reduction, the glass 
becomes perfectly fluid. 



In the oxidating flame, upon 
platinum wire or platinum foil, 
it fuses to a soluble transparent 
green mass, becoming opaque 
and bluish green, on cooling. 
On charcoal it cannot be reduced. 



Theglaa containing acer- 
iln quaotity becomes yd- 
Dwishred. When coolhagit 
tppean fint yellow, then 
in«nbb, sndfautly colorless. 
fa very large portion is pre- 
ent th« color will be dark red 
tfiile hot, and brownish red 
a cooIiiig,ehanging to dirty 
|K«n, and, when perfectly 
»M, brownish red. Theco- 
bn diEsppear on cooling, 
{Dkkertlianwith borax. 



The glass is not changed 
from the presence of a mi- 
nute portion ; but if a large 
quantity is present, it is red 
when hot, yellow during re- 
frigeration, then greenish, 
and when quite cold, reddish. 
With the addition of Tin, 
the ghMS b first green, and 
then the color is destroyed. 



Insoluble. On charcoal it Is 
reduced; and gives, on being 
pulverized, a very metallic mag- 
netic powder. 



As vfth Bofax, but the color, however, is not so intense. 

B7 transmitted light, the glass appears reddish. If a 
Nit iron wire Is inserted into the mass when in fusion, 
CoUt is deposited. 



On Platinum wire, in 
quantities, It aflTords a transpa- 
rent slightly red soluble mass, 
which is grey when cold. It is 
reduced on charcoal, giving a 
grey magnetic powder. 



hbiti 

liiehii 
f more 
bsuniei 



, Uti to a reddish glass, 
pidi b yellow on cooling. 
' iBore is added, the glass 
tsumes a brownish red 
rl^ea hot, and a reddish 
ellow when cold. 



Upon Plathium wire, not 
altered. Treated on charcoal 
with tin, the ghMS is, at the 
commencement, translucent 
and grey, but by continued 
blowing, the Nickel deposits, 
leaving the glass ootorless. 



Insoluble. It is easily re- 
duced upon charcoal, giving 
small white shining metallic par- 
ticles, which, on being tritu- 
rated, are readily attracted by 
the magnet. 
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TABLB n. — OOHPOBTMEMT OF 



Metaxlig 
Oxides. 


Per Se, on Charcoal. 


With Borax on the Platinum Wire 


In the In the 
Oxidating flame. Reducing flame 


In the 
Oxidating flame. 


In the 
Eeducing flain< 


8. 

Oxide of 
Zinc. 
ZnO. 


Yellow bMd.whUe 
hot;— white, when 
cold. It does not 
iiiMy but when very 
hot, gives ont an 
intense light. 


It b gradually 
dissipated over the 
charcoal, with white 
flakes of oxide of 
xine. 


Very soluble, forming 
a clear mass, which, if 
perfecUy saturated, re- 
mains colorless when 
cold. By a strong heat, 
it Is reduced, acting on 
the platinum. 


will b60om« ensuzM 
white upon platini 
wire. On charcoal t 
oxide is reduced, a 
the xfaic ToUtUts* 
The charcoal atso a 
quires a coating. 


9. 

Oxide of 

Cadmium. 

CdO. 


No change, apon 
Plstinnm foU. 


Disappean In a 

the charcoal all over 
with a dark yeUow 
powder, which is 
only clearly dis- 
cemed when the 
mass cools. 


When large quantities 

melUtoadearyeUowish 
glass ; this color nearly 
disappears on cooling. 
When the borax is near- 
Iv saturated, the glass 
formed is somettanes, 
here and there, mUk- 
white, and, when per- 
fectly saturated, it be- 
slowly cooled. 


On cfaareoal the gia 
containing the oxide 

mium is reduced and v 
latixes, and the ch« 
coal beeomea coat 
with daA biovm oxi^i 


10. 

Oxide of 
Lead. 
Pb 0. 


Minium— red lead 
— when slightly 
heated, becomes 
black; bat, apon 
increase of tempe- 
rature, It Is con- 
Terted into a yd- 
low oxide. 


Itishnmediately 
reduced to a metal- 
lic globule, which 
gradually sublimes, 
—leaving a yellow 
residue. 


ReadUy ftises to a clear 
yellow glass, colorless 
when cold. If a Urge 
quantity Is preseat, the 
globule will be here and 

excess, it is enamel- 
yellow when cold. 


The glass diffiues 
Self over the charcos 
becomes turbid, m 
boils. The lead is i 
duced and the gl 

is very difficult to < 
tain, In the process, 
bead of lead. 


11. 

Teroxide of 

BismutL 
BIG*. 


On Platinum foil, 
it fuses readily to a 
dark brown mass, 
which becomes pale 
yellow, on cooling. 


On charcoal it is 
quickly reduced to 
grains of Bismuth, 
—which, with long 
blowing, vaporize, 
leaving the charcoal 
covered with yellow 
oxide. 


ReadUy Aislble to a 
lfanpldglass,whlch%hen 
a certain quantity is 
present, is yellow when 
not, colorless when cold. 

yellowish red glass when 
hot,- while cooling, it Is 
yellow, and when per- 
fectly cold, opalestio. 


On charcoal the gU 
becomes at the coi 

turbid:— bolU,theoxi 
of bismuth being i 
duced; it again becom 
perfectly clear. Wi 
Tin added, it is fli 
grey, and then tho wlH 
of the bismuth aep 
rates, and the glass a 
pears clear and limpid 


12. 

Sesquioxide 

of Uranium. 

U«0». 


It Is couTcrted Into the protoxide : it 


As with oxide of Iron, 
but the color is some- 
what clearer. When the 
glass is strongly satura- 
ted, it U streaked with 


Gives the same co] 
as oxide of iron. T 
green ghiss, when sat 
rated to a certain pob 
is blackened by an 1 
termitting flame. It 
either crystalline or « 
amel. 


13. 

Oxide of 

Copper. 

CuO. 


Forms a black 
globule, which flows 
over the charcoal, 
and the ander-sur- 
face is reduced. 


By a temperature 
at which the copper 
does not fuse, the 
oxide is reduced, 
presenting the flne 
metallic lustre of 
themetaLWhentbe 
blowing ceases, the 
surface of the metal 
is re oxidixed. and 
becomes black or 
brown. By increas- 
ing the heat, a glo- 
bule of copper is 
obtained. 


The ghMs is not very 
strongly colored. A 
small proportion of the 
Oxide gives a grass- 
green when hot, becom. 
ing blue on cooling. By 
a larger dose of the 
oxide, the glass is fai- 
tensely green, appear- 
ing opaque; on cooling. 


At a certain point 
saturation, the grlas 1 
comes colorleee ; bat 
a few moments it ^ 

By long blowing, t 
copper is preciplute 
the metallic state tf 
charcoal, and the pi 
becomes oolorleea. ^ 
treated with Tin, 1 
ghMs is opaque, 1 

ing. 



MBTALUO OXIDES. 



With Microcosmic Salt ou Platiiium Wire. 



In the 
Oxidating flame. 



In the 
Beducing flame. 



With Carbonate of Soda 
on Charcoal or Platinum. 



With a Solution 

of Nitre of 

Cobalt, in the 

Oxidating flame. 



Like Bomx, bat with this dlffefenoe, that the ntuntod 
1 white npon cooling. 



Inioloble. Is reduced on eh«r- 
ooal, ooTering it with a sublimate 
of oxide. By a strong flaoie, 
the metal may be inflamed. 



OlTes a beaatlftil 
green color. 



With large qnaotlties, it 
bn to a toansparent glass ; 
fmtuiated, it becomes milk- 
iliite on cooling. 



Upon charcoal, Gadminm 
is slowly and imperfectly re- 
duced ; the metal is Tolati- 
llzed, and a rery small quan- 
tity of a dark red oxide 
coats the support. 

This color, when cold, is 
a beaatlftil onage red. 



Insoluble. On charcoal It Is 
immediately reduced ; the metal 
is couTerted Into Tapor, and the 
charcoal becomes coated with a 
dark yellow oxide. 



As with Borax. It is ne- 
muTf to add a large quan- 
ity of the oxide of Lead, to 
ibishi a decided color when 

ict. 



On charcoal the glass be- 
comes grey and turbid. If 
an excess be present, the 
charcoal will be coated with 
a yellow oxide of lead. 
When Tin is added, the 
glass nerer becomes opaque, 
but a little more turbid, 
and of a darker grey. 



In the oxidating flame, npon 
Platinum wire, it ikises readily to 
a limpid ghus, which, upon cool- 
ing, becomes yellow and opaque. 
On charcoal the oxide is readily 
reduced. 



A small quantity fbses to 
itreosparent glan. If a 
Ivge qosotlty is present, the 
pm will be yellow when 
nt, but colorlese when cold, 
lis oertafai quantity is pre- 
Mnt, sn enamel white here 
ud tbere is often produced. 
When an excess is present, 
Btamel.wbite on cooling. 



On charcoal, particularly 
when Tin is added, the ghus 
remains colorless and lim- 
pid while hot : but on cool- 
ing becomes opaque and 
greyish black. 



Easily reduced upon charcoal. 

When ▼ohitillzed, it gives no 
color to the flame, by which 
means it is distinguished from 
Antimony, Tellurium, et edera. 



ptwWes, gfring a clear 
yeOow giasi, which becomes 
r^a on cooling. 



The glass contabiing the 
oxide partakes of a beautiikil 
green color, which on cooling 
becomes finer and clearer. 



Insohible. With a small addi- 
tion of soda it gives indications 
of melting; with a greater quan- 
tity or soda it becomes veUowish 
brown; and by a still greater 
addition, the oxide is absorbed 
by the charcoal unaltered. 



^e ghMs oontahiing the 
ane quantity of oxide as 
vth Borax, is not so highly 
tutored. A miaU quantity 
Foilde gives a green glass, 
Ihw hot ; blue, when cold. 
I SRater quantity gives a 
faotifal green, when hot; 
ru«iWhencohL An excess 
» oxide gives an opaque 
pavvhen hot; a greenish 
3lae. when cold. 



When nearly saturated, the 
^ass Is of an intensely dark 
green while hot, and on cool- 
ing appears opaque, and of 
a reddish brown. When the 
glass containing a veiy small 
quantity is treated with Tin, 
it is opaque and reddish 
brown when cooled. 



It dissolves upon the Pktlnum 
wire to a Umpid green ghMS, 
which, by refrigeration, loses lu 
color, becoming opaque. It is 
readily reduced upon charcoal, 
and i^ves one or more beads of 
copper. 
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TABLE n. — COMPORTMENT OF 



Metallic 

OXIDBS. 



Per Se on Charcoal. 



In the 
Oxidating flame, 



In the 
Reducing flame. 



With Borax upon Platinum Wire. 



In the 
Oxidating flame. 



In the 
Beducing flame 



14. 

Oxide of 

Silver. 

Ago. 



Reduced rery rapidly. 



Pwrtly reduced, and 
parUy dlnolved. On 
oooling, the glaaa be- 
comes milk-white or 
opaline, owing to mi- 
eqoal dtotribution of the 
dlnolved oxide. Metal- 
lic ellver melts with bo- 
rax, giving the same re- 
action. 



On charcoal the grla 
containing the oxide b| 

of the rednoed tUvd 
Postoedently.itbecoinJ 
limpid and eok>rl€a| 
from the predpStatiol 
of the silver. 

This metal can be ol 
tainedasa bead.. 



15. 

(hdde of 

Meicuiy. 

HgO. 



Instantly rednced and volatUixed. 

Shoold the whole not snbllme, foreign 
matters will have been present, so that by 
this means adulteration is detected. 



As with mlorocosmlc salt. 



16. Binoxide of Platinum. ^ 

PtOs. 

17. Binoxide of Palladium. 

PdOs. 

18. Sesquioxide, Rhodium. 

RsOs. 

19. Binoxide of Iridium. 

IrO<. 

20. Oxide of Buthenium. , 



EasOy rednced; the 
metallic particles wUl not 
adhere to fonn a g^obale. 



Reduced, but not sotaible. The metallic parti 
des alone upon charcoal do not form globule. 

These Metals have no action upon the Fluxes 
—which can only serve to detect the fcmeigi 
metals they may be combined with. 

They are best examined by cnpellation will 



21. 

Teroxide of 
Gold. 
AuO». 



The Instant the teroxide 
hot it Is reduced. 



becomes red 



It is not soluble, but is reduced, and can, by 
Alston, be obtained as a metallic globule. 

Gold has no tendency to combine with Oxygee 
or Sulphur, and hence retains its brilliancy in the 
open air for any length of time. It melts at tl0l6° ; 
its density is 10*6 ; It is not acted on by any single 
acid, but b dissolved by aqua regia, and bj a 
mixture of nitric and hydrofluoric acids. 



22. 

Binoxide of 

Tin. 

SnO». 



The protoxide In- 
flames like touch- 
wood, and is con- 
verted into the ses- 
qnioxide. 

The sesquioxide 
bums brilliantly, 
but it remains un- 
changed. 



The sesquioxide 
of tin is reduced by 
long heating. 



In smaU quantities it 
dissolves but veiy slow. 
ly , forming % gbss which 
is colorless and limpid, 
whether hot or cold,— 
It may, perhaps, become 
opaque. A glass per- 
fectly saturated, when 
heated,become8 opaque, 
loses its globular form, 
and appears a confused 
crystalline mass. 



A glass coDtainine < 
small quantity of tb 
oxide is not altered, f 
more be added, the o^ 
ide is partly reduW 
upon charcoal. 



METALLIO 0Xn>S8. 
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With Microcosmic Salt on Platinum Wire. 



In the 
Oxidating flame. 



In the 
Beducing flame. 



With Carbonate of Soda. 



With a Solution 
of Nitrate of 
Cobalt, in the 

Oxidating flame. 



Ketallie silver, as well ai 
e oxide, gives a yeHowiah 
m. If a large quantity Is 
nent, the tpiam beoomea 
aline, and appears yellow. 
I by daylight, red by candle 
|ht. 



AswIthBonuc 



It Is Instantly redooad. 



An the emnpounds of Mercury are volatile ; 
mixed with Tin or Iron Filings, and heated In 
a glasa tube, metaHIc If ercnry distils over. 



When mixed with soda, and 
heated to redneis in a closed 
tube, it is reduced and vaporised. 
The sublimate condenses in the 
coldeet part of the tube, as a grey 
coating, which, when agitated, 
unites, forming a globule. 



As with Borax. 



As with Borax. 



It dissolves in small quan- 
(ies, very slowly, giving a 
tnpid and colorless glass, 
fii^ is not changed on 
oKng. 



The glass containing the 
oxide Is not altered, either 
upon Platinum wire or char- 



Upon the Platinum wire, Per- 
oxide of Tin —stannic acid— 
efferresces, combining with the 
soda, forming an unmeltable 
tunuidons mass. Upon charcoal, 
it is converted into the metallic 



Assumes a bluish 
color. 
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TABLE n. — OOMPORTMBNT OF 



Metallic 

Oxides, and 

Acids. 



In the 
Oxidating flame. 



On Charcoal without Reagents. 



In the 
Reducing flame. 



With Borax upon Platinum Wire. 



In the 
Oxidating flame. 



In the 
Reducing flami 



Teroxide of 

Antimony. 

SbO». 



It is displaced 
withoat change, and 
deposited upon an- 
other part of the 
charcoal. 



It is reduced, and 
sublimes. The char- 
coal becomes coated 
with a white oxide, 
and a greenish blue 
color is imparted to 
the" 



Antimony, when 
heated in a tube 
open at both ends, 
gives off large quan- 
tities of white va- 
pors. 



It dissolves In large 
quantities, and gives a 
limpid glass, which in 
the flame appears yel- 
low, and on cooling be- 
comes almost colorless. 
On charcoal, the dis- 
solved oxide becomes 
paler: an addiUon of 
Tin does not alter this 
effect. 



24. 

Sesquioxide 

of Chromium. 

Cr» 0». 



Unchanged. 



It colors the Borax 
highly, but It dissolves 
slowly. Ifan equal quan- 
tity is present, the glass 
will be yellow when hot ; 
yellowish green when 
cold. Ifa larger quan. 
tity is present, it Is dark 
red when hot ; on cool- 
ing, yellow ; and when 
eold, emerald green, 
with a trace of yellow. 



The glan, when trel 
ed only for a short ti| 
in the oxidating flail 
becomes grey and <Ai 
dy, from particles of 
reduced antimony: tl« 
are quickly volatilizj 
and the glass beo(H< 
lucid. When treM 
with Tin. the gU« I 
comes ash-icrey or blM 
whether there is a la< 
or a small proportion 
the oxide present. 



The slightly satoni 
glass is of a beauti 
green, when hot orcQ 
When a greater quant 
is added, the color 
more strongly marki 
becoming emerald gre 
The addition of Tin d< 
not produce any cfasn| 



25. 

Tellurous 
Acid. 
Te 0«. 



Melts, and is reduced with efferves- 
cence. The reduced metal volatilizes, 
and covers the charcoal with a coating of 
white oxide. 



Dissolves, forming a limpid colorless idu 
heated upon charcoal, its color is grey, becomli 
opaque by reduction, from the metallic partid 
disseminated through the mass. 



26. 

Molybdic 
Acid. 
Mo 0». 



It melts, and is absorbed by the char- 
coal. In a strong reduction-flame, par- 
ticles of the metal appear, which separate 
In the form of a grey metallic powder. 



Soluble, forming a lim- 
pid gbMs, which appears 
yellow upon cooling, but 
is colorless when cold. 
When a large proportion 
of add is present, the 
glass is dark yellow when 
hot ; opaline when cold. 
With an excess, the glass 
Is dark red when hot ; 
becoming, on cooling, of 
an opalestic-bluish grey. 



The ghus, treated 
the oxidating flan 
with a very small qua 
tity of acid, is color 
brown. If a little ma 
be added, the glass b 
comes wholly opaqu«. 



27. 

Niobic Add. 
NbO». 



Becomes greenish yellow in the heat ; 
white when cold. 



Like TantaUc add. 



Pelopic 
Acid. 
PpO'. 



Tdlow when hot ; white when cold. 



Ditto. 



METALUC OXIDES AND ACIDS. 
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^^ith Microcosmic Salt on Platinum Wire. 


With Oarhonate of Soda. 


With a Solution 
of Nitrate of 
Cobalt, in the 

Oxidating flame. 


In the 
Oxidating flame. 


In the 
Reducing flame. 


DiuoWes with effems. 
BDce, giviiiff a clear glMs, 
'hich, when hot,appeanof 


The saturated glass upon 
charcoal becomes milky at 
first, but in a short time 
clear; the antimony being 
reduced and dispersed in 
vapor. When treated with 
Tin, the glass Is green ; this 

metal, but it soon becomes 
clear with strong blowing. 
The Tin produces always a 
murky.grey color, when a 

oxide of antimony Is pre- 
sent. 


Upon charcoal. It Is very easily 
reduced. The metal ftimes and 

ing of white oxide. 





Soluble, fonning a limpid 
rian. which Uroddiah when 
lot. and of a doll green 
»Ior on cooling. When 
perfectly cold, it appean of 
1 beautiftil green fane. 


As In the oxidating flame. 

marked; this is the same 
under the Influence of Tbi. 


In the oxidating flame, upon 
Platinum wire, it is dissolved 
with the formation of a dark 
brown yellowish glass, which, 
upon cooling, becomes yellow 
and opaque. In the reducing 
flame,2the glass is opaque, and 
green when cold. 





A« with BonuE. 


Soluble on the Platinum wire, 
producing a limpid and colorless 
glass, which becomes white upon 
cooling. Upon charcoal, It is 
reduced, voUiUlixes, and leaves 
upon the support a coating of 
oxide. 





SolQble to a dear glass, 

tlon of acid, is yellowish 
Sreen, and on cooling, nearly 
wlorleM. Treated on char. 
fo«, It becomes opaque, 
>»t, after cooling, of a fine 
gr«en color. 


The glass assumes a dark 
dirty green color, which, on 
cooling, changes to a fine 
clear green ; this is analo- 
gous to the color presented 

Upon oharooal,its behaTionr 
is similar. An addition of 
Tin has the effect of darken- 
ing this green tinge. 


Fusible upon tiie Platinum 

a clear glass, which, on cooling, 

ed upon charcoal, the mass is 

the Molybdic acid is reduced. 
When levigated, tiie scoris pre- 





««Mcolorietsglaifc 


Pint, violet; then a blue 
glass. 


LikeTantalieadd. 


A greyish glass 
while hot; dhrty 
green when cold. 


Ditto. 


A brown glass. The pre- 
sence of a Uttle sulphate of 
iron makes the glass blood- 
red when hot. 


Ditto. 


Givesallgfat-grey 
color. 
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TABLE n. — OOMFOBTUENT 



Acids. 


On Charcoal without Reagents. 


With Borax upon Platinum Wire. 


In the 
Oxidating flame. 


In the 
Reducing flame. 


In the 
Oxidating flame. 


In the 
Reducing flame. 


29. 

Tungstic 
Add. 
WoO». 


Unchanged, If the 
flame U not a rery 
strong one. 


Blackens,^but 
does not ftise. 


Dissolres readily to a 
Ihnpid colorless gbMS. 

acid gives a yellow when 

tity hnparts to the glass 
the property of appear- 
ing opaque in the flame. 
If an excess be present, 

on cooling. 


A small quantity of the 
add does not alter tke 
color of the glass. A 

ders it yeUow. A stUl 
greater quantity pro- 
duces a dark yeUow 
when hot, which is 
yellowish brown upon 
cooling. Tin darkens 
the ooloiB. if the glass 
is not fbUy saturated. 


30. 

Vanadic 
Add. 
V0». 


Fusible.— The portions found In contact 
with the charcoal are reduced and ab- 

brilliancy of graphite. They are the prut- 
oxide of Vanadium. 


Soluble to a limpid 
glass, which, by a small 
quantity of this acid, is 
colorless ; but, by a 
greater addition, be. 
comes yeUow. 


The strongly yellow, 
colored ghMS changes, 
so that it appears brown 
when rery hot ; and, on 
cooling, of a beautiful 


31. 

Tantalic 

or Columbic 

Acid. 

TaO. 


nchanged. 


Soluble; forms a Umpld 
colorless glass, which 
appears opaque in the 
flame. If more Tantalic 
acid be added, it ap- 
pears enamel white on 
cooling. 


As in the oxidating 
flame. 


32. 

Titanic 
Acid. 
TiO». 


Unchanged. 


Readily soluble to a 
limpid colorless glass, 
which,bya greater addi- 
tion of the acid, becomes 
yellow, and is colorleas 
after cooling. Atacer- 

the ghus appears streak- 
ed with enamel-white ; 
if an excess is present, 
it becomes opaque on 
cooling. 


A small proporUon of 
the acid colors the glass 
yellow, while a larger 
quantity gives a dark 
yellow or brown shades ' 
A glass when saturated 



% Description of the Phenomena presented by the sublimates of 

some Metaisy when melted or heated strongly upon 

Charcoal before the Blotcpipe flame. 

Selenium, — This element aflfords a shining steel-grey slightly 
metallic deposit, which presents a violet, hut when in thin layers, 
a blue, lustre. In the oxidating flame it readily changes its place 



OF ACIDS. 
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With Microcosmic Salt on Platinum Wire. 


With Carbonate of Soda. 


With a Solution 
of Nitrate of 
Cobalt, in the 

Oxidating flame. 


In the 
Oxidating flame. 


In the 
Beduciog flame. 


Soluble, producing a dear 
glaaa ; if more strongly sato- 
rated, the g:Iau appears yel- 
low while hot. 


A beantlAil clear blue glass 
Is obtained. If the tungstlc 
add Is combined with Iron, 
the color will be blood-red. 

is colored blue when thi Is 
added, and green If there Is a 
considerable portion of Iron. 


Soluble, upon the Platinum 
wire, fonning a dark yellow glass, 
which, when cooling, becomes 
crystalline and opaque, with a 
tinge of white or yellow. Upon 
charcoal, with a small quantity 
of soda, a large quantity of the 
acid Is reduced ; by a greater addi- 
tion of soda,the wholels absorbed 
by the charcoal. A coi\)unctIon 
of the shinhig metal, and the 
yellow oxide of tungsten. Is often 
obtafaied with the soda. 





Ai with Borax. 


It loses with the soda, and Is 
absorbed by the charooaL 





DiBBoWea readUy and easily 
In large qiuuitities, fomdng 
a colorless glass, which can> 
not be rendered opaque In 
theflame.but which becomes 

fag. 


• 


It combines with the soda, 
is neither Aised nor reduced. 





Dissolves easily, forming a Ihnpid glass, which, when 
hot, and colorless upon cooling. 

foUowing appearances: when hot, the color Is yellow, be- 
commg, on cooling, red ; and after, assumes a beautiful 
violet tinge. When a greater quantity of the acid is added, 

tains iron, the glass, upon cooling, will be brownish yellow, 
yellow, or brownish red. An addition of tin destroys this 


Soluble, forming, after the effer- 

taken place, a dark yeUow glass. 
The glass is not absorbed by the 
charcoal; after cooUng, It ap- 
pears greyish white, or white. If 
the glass is heated red hot. It 

caloric that the bead sponta- 
neously attains a white heat. 
The titanic add Is not reduced. 


It is colored bhusk, 
or greyish black. 



upon the charcoal, and in the reducing flame the color is bright 
blue. All the salts of selenious acid, heated on charcoal before the 
Blowpipe, impart a magnificent blue color to the flame, emitting 
the unmistakable and offensive smell of foul horseradish. 



Tellurium, — Covers the charcoal with an oxide, at the same 

H 2 
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distance firom the assay as selenium ; the deposit is white, with a 
red or dark yellow border, easily removable by •the oxidating, 
and driven o£f by the reducing flame, producing a green, but, 
when selenium is present, a bluish-green appearance. 

Arsenic, — The charcoal is covered with arsenious add, which 
is white, — ^m thin layers, greyish, firom the charcoal being seen 
through it, — and is deposited at a long distance from the assay. 
It flies o£f, when treated in either flame. 

Antimony. — ^This element covers the charcoal with an oxide 
which is white, in thin laminae, bluish, and which is deposited at 
a shorter distance from the assay than the arsenical vapor ; when 
treated in the oxidating flame, it is driven from place to place 
unaltered, but in the reducing flame it changes its position, pro- 
ducing a feeble bluish-green color. The antimonial sublimate is 
not so volatile as the arsenical, so that by this means they can 
be readily distinguished. 

Bismuth, — Covers the charcoal with an oxide. The sublimate 
is dark orange-yellow while hot, lemon-yellow when cold, and 
when in thin layers, bluish ; it is deposited not nearly so tsix from 
the assay as the antimonial sublimate ; it can be driven from 
place to place either by the oxidating or the reducing flame. It 
gradually diminishes, a portion of it being volatilized. 

Lead. — ^This metal covers the charcoal with an oxide at the 
same distance from the assay as bismutL The sublimate is, 
while hot, of a dark citron-yellow, upon cooling, sulphur-yellow, 
and when in thin laminaB, bluish ; in other respects, it behaves 
like the sublimate from bismuth. 

Cadmium. — Coats the charcoal with an oxide, at the same 
distance from the assay as bismutL The sublimate is best seen 
when cold ; its color is reddish-brown, in thin films yellow ; it 
can be volatilized in either flame. 
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Zinc. — ^The charcoal is covered with oxide, which is not so 
far from the assay as that of bismuth or lead. When hot, it 
is yellow, and strongly phosphorescent ; when cold, nearly white. 
It does not volatilize in the oxidating flame. A drop of nitrate 
of cobalt added to it, in the oxidating flame, colors it beautifully 
green. 

Tin. — ^Deposits an oxide upon the charcoal, which b feebly 
yellow, and moderately phosphorescent when hot ; on cooling it is 
white, and ahnost touches the assay. It assumes, with cobalt 
solution, a bluish-green color, which may be readily distinguished 
from that produced by oxide of zinc. 

Siher. — If heated alone in the oxidating flame, it covers the 
charcoal with a slight dark-red precipitate. In combination with 
a little lead, it produces at first a yellow sublimate of oxide of 
lead ; but when the silver becomes more minutely disseminated, 
a dark red sublimate appears beyond the yellow oxide of lead. If 
the silver contains a little antimony williout lead, only a slight 
red sublimate is obtained. If it contains both lead and antimony, 
it assumes a carmine red color, after the greater part of these 
metals are volatilized. 

Iodine, Brominey Chlorine^ and Sulphwr. — ^Iodine vapors may 
be distinguished firom those of Indigo by the irritation the former 
cause when inhaled. Indigo gives purplish fames, which smell 
like anilin. In examinations with the Blowpipe, the operator 
does not always encounter the pure substances, which are recog- 
nized by the characteristic sublimates they yield, when heated 
upon charcoal, — ^but sometimes meets with combinations which 
deposit a white sublimate, admitting of being driven firom place to 
place in the oxidatiog and reducing flames, thus resembling 
oxides of tellurium or antimony ; these are particularly the 
following : — sulphides of potassium and sodium ; chlorides of 
potassium, sodium, ammonium, lead, and mercury ; bromides of 
potassium and sodium ; and iodides of potassium and sodium. 
The most volatile of these combinations are the chlorides of 
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ammoniiun, mercuiy, and lead ; the first two volatilize without 
melting, the others require to be strongly treated in the reducing 
flame, and the majority of them are absorbed by the charcoal 
before sublimation takes place. 1%e sublimates from the most 
volatile are generally deposited at some distance from the assay, 
while those of the less volatile lie nearer the assay, and are more 
difficultly displaced by the flame. These sublimates are dis- 
tinguishable from those of the oxides of tellurium and antimony, 
inasmuch as they disappear in the reducing flame without pro- 
ducing any color. 



% Qualitative Examination of Minerals , Ores, and the Products 

of MetaUurgic Operations for Metallic and Nonr^mstaUie 

Bodies before the Blowpipe, 

a. Examination of the Metaluo Oxides which form Alka- 
lies AND Earths. 

§ 1. P0TA8SA—K O— Presence in tU Mineral Kingdom. 

Potassa is found in combination with adds only, as for ex- 
ample : — 

a. With Sulphuric Add, as well per se^ as in combination with 
Earths and Water, namely, j!?^ se^ in Sulphate of Potassa [E 0, 
S 0«] ; with Sulphate of Alumina, in Alum [K 0, S 0* + Al« 
0^, 3 8 0* + 24 aq] ; and with Sulphates of Lime and Mag- 
nesia, in Potassa'PoUyhaUite [K 0, S 0» + Mg 0, S 0» + 2 
(Ca 0, S 0») + 2 aq.] 

b. With Nitric Add, in Saltpetre [K 0, N 0«], but generally 
in combination with Sulphate and Carbonate of Lime, and Chlo- 
ride of Calcium ; and, 

c. With Silidc Add, in various silicates of different bases, as 
for example, in Felspar [K 0, Si 0« + Al« 0», 3 Si 0«] ; Leudte 
[3 K 0, 2 Si 0« + 3 A12 0^ 2 Si 0«] ; ApophyUite [K 0, 2 Si 
0« + 8 (Ca 0, Si 0«) + 16 aq], Potassa-Towrmaline— Schorl;— 
and in some micaceous mineraJs, et cetera, Potassa is found also 
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in MTuchisonite, Baphilite, Ghrom-mica, Diploite, Nuttalite, Pi> 
nite, Elaolite, Nepheline, Byakolite, Couzeranite, Weissite, Tachy- 
lite, Humboldtilite, Agahnatolite, Eosite, Polyargite, Zeagonite, 
Antrimolite, Gigantolite, Ghabasite, Gmelinite, Phakolite, Pjnrar- 
gillite. 

Examination for Potassa. 

The easily-fusible salts of potassa, with the exception of the 
phosphate and borate, are recognized when held in the points of 
the forceps, no soda being present, by the intense violet color 
given to the outer flame. 

If the mineral contains a small quantity only of potassa, no 
coloring will ensue, unless the splinter of it is held properly in the 
apex of the flame ; great care must also be taken to have the 
assay operated upon, free from all extraneous matters. 

When soda or lithia is also an ingredient of the mineral, this 
mode is not applicable, as the flame will be colored yellow by the 
former, and crimson by the latter. Harkobt's method for the 
determination of potassa, when the quantity of this alkali is not 
too small, is as follows : — Oxide of nickel is dissolved in borax, 
until the glass, upon cooling, assumes a dark brown color ; to this 
glass is then added a portion of the substance under examination, 
and the mixture is treated in the oxidating flame ; if the glass 
upon cooling retains its brown color, potassa is either absent or in 
too minute a quantity to be detected ; but if, on the other hand, 
the bead acquires a bluish tint, similar to a diluted solution of 
oxide of nickel in anmionia, it indicates the presence of this alkalL 
Lahpadius observes, that the potassa and oxide of nickel glass is 
blue, while the oxide of nickel and soda glass is brown. 

When substances, for instance native silicates, contain only 
traces of potassa, the above method cannot with certainty be re- 
sorted to ; therefore, the moist way must also be applied, as sub- 
sequently described : 50 to 75 milligrammes of the fine powdered 
body are mixed with twice their volume of soda, and pressed into 
a cavity in a plate of charcoal, and smelted in the oxidating 
flame : if much magnesia or lime is present, the assay will fiise 
with difficulty. The ignited mass is now removed from the sup- 
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port with the platinum foicepe, and any adhering carbonaceous 
matter bumt away. The mass is pulverized between paper in an 
agate mortar, then treated in a porcelain basin with hydrochloric 
acid, and evaporated to dryness over the flame of the lamp. 
Water is now added, to dissolve the formed metallic chlorides, 
and, after Bome time, the solution is poured from the undissolved 
silica into another basin. This liquid is evaporated until it 
becomes highly concentrated, and then a few drops of an alcoholic 
solution of chloride of platinum and sodium are added. If potassa 
is present, the double salt of chloride of platinum and potassium, 
which is insoluble in alcohol, will precipitate as a lemon-yellow 
powder. If there is only a small quantity of alkali present, the 
precipitate will not be perfectiy visible for some minute& The 
presence of organic matters does not prevent this reaction. 

In combinations of sulphuric acid, which contain both potassa 
and soda, — as, for instance, Polyhallite, — ^it is only requisite to 
reduce on charcoal the sulphate to a sulphide, and treat with 
hydrochloric add, water, et cetera, as in the previous example. 

By the preceding methods, one per cent of potassa in silicates^ 
and other substances, can be recognized. 

Bebzelius has given a similar examination, in one of his trei^ 
tises upon the quantitative separation of potassa from soda. 



§ 2. SODA'-^ti O-^Preimoe in the Mineral Kingdom, 

Soda is never found /T^r se, but always in combination, as, — 

a. With Chlorine, in Back SaU [Na Gl], at times containing 
traces of chloride of ammonium. 

b. With Fluorine and Fluoride of Aluminum, in KryoUte 
[3.(NaFl) + A1«F15]; 

c. With Carbonic Add and Water, in Natron [Na 0, C 0« + 10 
aq] : and Tr(ma—Urao—\2 Na 0, 3 C 0« + 4 aq] ; also witii 
Carbonic Add, Carbonate of Lime, and Water, in Gaylumte 
[Ca 0, C 0« + Na 0, C 0« + 6 aq] ; 

d. With Sulphuric Add, in Glauber SaU [Na 0, S 0» + 10 
aq], which is often contaminated with carbonate of soda, chloride 
of sodium, and chloride of calcium ; 
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e. With Sulphuric Acid and Sulphate of lime, in Glauberite 
[Na 0, S 0^ + Ca 0, SO']; 
/ With Nitric Add, in Nitrate of Soda [Na 0, N 0^ ; 
ff. With Boradc Add and Water, in Borax — TVnorf— [Na 0, 

2 B 0^ + 10 aq] ; and, 

h. With Silidc Add, in yarious Silicates, — as, for example, in 
TetarHne or Albite—8oda Felspar— [JUa. 0, Si 0« + Al« 0^ 

3 Si 02] ; in Sodalite from Vesuvius [Na 01 + 2 (Al^ 0«) + 2 
(3 Na 0, Si 0«) + 2 (Al« 0«, Si 0^) ] ; in Achmite [3 (Na 0, 
Si 0«) + 2 Fe« 0^ Si 0«] ; in Soda Spodumene—Oligohlas— 
[3 (Na 0,Si 0«) + 4 A12 0^ 2 Si 0«] ; in Nepheline [J So''} Si 
02 + 2 (Al« 0*, Si 02) ] ; in Lahradorite [Na 0, Si 0* + Al« 
0^ Si 02 + 3 (Ca 0, Si 0* + AI2 0», Si O2) ; in Soda Tow- 
maline; Anaicime [3 Na 0, 2 Si 0* + 3 (AI2 0», 2 Si O2) + 
6 aq]. This alkali occurs also in Arvedsonite, Bytownite, Ande- 
sine, Saussurite, Glaukolite, Indianite, Humboldtilite, Betinalite, 
Brevicite, Chahasite, Gmelinite, Harringtonite, Thomsonite, and 
Comptonite, Fahlunite, Pechstein, Epistilbite, Wohlerite, and 
with potassa in numeious other minerals. 

Examination for Soda, 

When a soda compound is smelted in the apex of the blue 
flame, the soda is readily recognized, from the reddish-yellow 
color given to the outer flame. The flame partake^ of this color, 
but in a less degree, even when the body contains a large quan- 
tity of potassa or lithia. According to Von Eobell, when chlo- 
ride of potassium is mixed with one twenty-fifth or one thirtieth 
part of chloride of sodium, only the soda reaction is given. 

The splinter frx)m the soda mineral is held like that of potassa, 
in the points of the platinum forceps, when the soda reaction 
ensues. 

§ 3. LITHIA-^IA O—Preienee in the Mineral Kingdom, 

This alkali is found always in combination, as in, — 

a. Amblygonitey which is a Phosphate of Alumina and Lithia, 
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mixed sometimes with a fluorine compound; its fonnula is 
[2 li 0, P 0* + 4 AP 0», 3 P 0«] ; 

b. Many Silicates of different bases : as, for example, in Petalite 
BNa8} 4 Si 0« + 4 (Al« 0^ 4 Si 0^ ], it contains also hydro- 
fluoric acid ; Lithion Spodumene [3 Li 0, 2 Si 0« + Al« 0^ 2 
Si C^] ; Tourmaline^ Lepidolitey and many other Micas which 
contain hydrofluoric acid 

Examination for LitJUa. 

Compounds of lithia, when heated in the apex of the blue 
flame, upon the platinum wire, tinge the outer flame crimson. 
This characteristic appearance is best shown with the chloride of 
lithium. When the chloride is mixed with a salt of potassa, the 
red color alone is produced When, on the contrary, the salt of 
lithia is contaminated with a salt of soda, then the reaction of 
soda only is observable ; and this is also the case when a lithia 
salt contains both potassa and soda salts. 

Lithion minerals, as, for example, Lithion-mica from Altenbeig 
and Zinwald, give, when heated in the apex of the blue flame, an 
intense carmine color ; but if the alkali is in very small quanti- 
ties only, the reaction will be indistinct 

TuKNEK has given the following method for detecting traces of 
lithia in silicious minerals : — Enead into a paste, with water, one 
part of fluor spar, one and a half part of bisulphate of potassa^ 
and a portion of the fine powdered mineral for investigation ; 
then smelt the mixture in the ring of the platinum wire, in the 
apex of the blue flame. If the body contains lithia, the outer 
flame will assume a crimson tinge; if not, it will be colored 
violet, from the presence of potassa. Meblet employs, for this 
test, one part of the fine powdered mineral, and two parts of the 
mixture of fluor spar and bisulphate of potassa. The Amblygo- 
nite from Chursdorf, in Saxony, which contains eleven per cent 
of lithia, gives to the outer flame an intense carmine color, 
provided that soda is absent If soda is present, the outer 
flame will be colored more yellow than red. With bisulphate of 
potassa and fluor spar, if only traces of lithia are contained 
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therein, the red reaction will be given ; but here, if soda is also 
present, its reaction will prevail. 

§ 4. AMMONIAS H*— PtWCTicf in the Mineral Kingdom. 

Ammonia is not met with in a firee state, but in combination 
with chlorine and acids only, namely, — 

a. With Chlorine, in native Chloride of Ammonium [N H*, 
Cl]. 

b. With Sulphuric Acid, in Mascagnin — Sulphate of Am- 
monia^[N H* 0, S 0' + aq] ; and, 

c. With Sulphuric Acid, Alumina, and Water, in Ammonalum 
[N H* 0, 8 0« + Al« 0^ 3 S 0» + 24 aq.] Ammonia is found 
in small quantity in many other mineral substances, exempli gra-- 
tia, in Tachylite, Bock Salt, Pikrosmine, Sassoline ; also in various 
aluminous and ferruginous minerals eviscerating organic matter. 

Examination far Ammonia. 

The ammoniacal salts are very easily recognized, by treating 
them in a glass tube, mixed with carbonates of soda, potassa, or 
lime, over a spirit-lamp. Carbonate of ammonia sublimes, which 
is known by its odor, and also by its coloring reddened litmus- 
paper blue. Its presence is infallibly shown by holding over the 
mouth of the tube, a glass rod moistened with hydrochloric acid, 
for if a trace only of anmionia is eliminated, a white doud will 
be produced. When dry salts of anmionia are triturated in an 
agate mortar, or heated in a test tube with the caustic alkalies, or 
alkaline earths, the well-known penetrating odor of anmionia 
becomes immediately perceptible. 

None of the ammoniacal compounds can sustain an incipient 
red heat, without being volatilized or decomposed. This arises 
from the gaseous nature of the alkaU. 

§ 5. BABTTA-^Bbl 0— Presence in the Mineral Kingdom. 

Baryta is found : — 

a. As a Carbonate, in Witherite [Ba 0, C 0^] ; and, in com- 
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bination with Carbonate of Liine and MaDganese, in Ba/ryto-caU 
cite [4 (Ba 0, C 0^) + 4 (Ca 0, Co«) + Mn 0, C 0«] ; 

b. As a sulphate, in Hea/ey Spar — Sulphate of Baryta — 
[Ba 0, 8 0^] ; and in combination with Sulphate of Liine, in 
Calcareous ffeary Spar [Ba 0, S 0» + Ca 0, S 0»] ; 

c. In Silicic Acid combinations, containing Baiyta, Alumina, 
and also Water, — as in Baryta Harmotcme [3 Ba 0, 2 Si 0*+ 5 
(Al« 0^ 2 Si 0«) + 24 aq] ; and in a Silicic Add compound 
containing Baiyta, Strontia, Alumina, and Water, as Brewsterite 
[3 («ig} Si 0» + 4 (Al* 0», 3 Si 0«) + 18 aq]. 

Baiyta occurs also in Dreelite, Psilomelane, Braunite, and 
Hausmannite. 

Heavy Spar sometimes forms a constituent in metallic gangues ; 
it is therefore necessary to examine for Baiyta in the Ores, and 
also in the Slags produced in smelting them. 

Examination for Baryta. 

a. Witherite is readily recognized before the Blowpipe, as it 
behayes like pure Baryta. 

Baiyto-calcite, per se, is quite infusible. It becomes, however, 
when strongly ignited, alkaline. A sample from Cumberland, 
when strongly heated in the reducing flame, and moistened, gave 
no stain to silver. 

It dissolves, with tumefaction, in borax, and forms a colored 
glajss like manganese, which, in the reducing flame, becomes diar 
phanous. 

It is dissolved in microcosmic salt, under powerful vesiculation, 
to a pellucid glass, which, if more strongly saturated, assumes the 
manganesian color. It is transparent in the reducing flame, and 
opaque when cold. 

When heated with carbonate of soda, it is decomposed ; the 
baryta and soda are absorbed by the charcoal, and the lime and 
protoxide of manganese remain behind. 

b. Heavy Spar, preferable in a powdered state, as it decrepi- 
tates very strongly,, when heated upon charcoal in the reducing 
flame, is converted into sulphide of barium, which gives off, when 
moistened, an hepatical smell, and possesses an astringent taste. 
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With soda, it melts to a pellucid limpid glass, which boils 
when strongly heated, and becomes absorbed as a strong hepatical 
mass, by the charcoal. 

As Gdestine — Sulphate of Strontia — ^behaves in a similar 
manner, the assay, in order to ascertain which is present, must be 
treated with hydrochloric acid and alcohol, as will be described 
under the head of Strontia. The chloride of barium does not 
give a colored flame. The Heavy Spar is distinguished from 
Gelestine by the former, per se, being difficultly fusible, while the 
latter can readily be mdted to a globule. From Gelestine it is 
alse distinguished by coloring the outer flame yellowish, when 
held with a forceps in the apex of the blue flame. 

Calcareous Heavy Spar, per se, and with carbonate of soda, 
behaves like Heavy Spar ; with this difierence, that when heated 
with soda, the lime is not likewise absorbed by the charcoal, but 
remains as an infdsible mass. This phenomenon is better re- 
marked during the ignition, the lime running to various parts of 
the charcoal, and appearing slightly phosphorescent. 

c. In Baryta Harmotome, and in Brewsterite, the baryta can 
neither be distinguished alone nor with glacial fluxes. It is 
therefore necessary to proceed as follows : — Smelt one part of the 
powdered sample, with one part of soda, and one part of borax, 
upon charcoal, to a bead. Pulverize the smelted assay, treat with 
hydrochloric acid, evaporate to dryness, and dissolve in an excess 
of water. Filter to separate the silica, and add to the filtrate 
diluted sulphuric acid, or bisulphate of potassa, to precipitate the 
baryta and strontia. Filter, wash, and reduce the residue to 
sulphides of barium and strontium, then treat with hydrochloric 
acid and alcohol, to determine whether both are present. If the 
alcohol flame be colored red, strontium is present The alumina, 
which is not precipitated by bisulphate of potassa, or diluted sul- 
phuric add, may be separated from the solution in the manner 
described at page 127. 

In assorted ores and slags, baryta cannot be detected by the 
Blowpipe alone ; it is, therefore, alvrays convenient to have 
recourse to the moist way. Such substances, after previously 
roasting those which contam arsenic or metallic sidphides, must 
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be melted, aooording to page 77, with one part of carbonate of 
soda and one part of borax ; and, if some difficultly reducible 
metals are present, 200 or 300 miUigrammee proof lead, or 80 to 
100 milligrammes of fine silver, must be added. The fiised assay 
is treated with hydrochloric add and water, — see page 79. To 
this Uquid, from which the silica has been separated by filtration, 
bisulphate of potassa or diluted sulphuric acid is added, to preci- 
pitate the bsuryta. According to this method, it can be con- 
founded with sulphates of strontia and lime only. But if the 
substance is very dilute, sulphates of barjrta and strontia only are 
precipitated, as sulphate of lime is soluble in an excess of water. 
The precipitate is now affused on the filter with water, and dried ; 
if baryta only is present, after treating the residue left on the 
filter with hydrochloric acid and alcohol, and igniting, no red 
color will be imparted to the flame of the spirit If colored red, 
the two earths may be contained therein. The other ingredients in 
the solution are detected, as stated under Lime, Magnesia, and 
Alumina, in their silicic acid combinations. 

§ 6. STRONTIA-^T 0,--Pre$enoe in the Mineral Kingdom. 

a. Strontia occurs as a Carbonate in Strontianite [Sr 0, O] ; 
it is also a very small ingredient of Arragonite — Carbonate of 
Limey — and, with Sulphate of Baryta and a trace of Carbonate of 
Lime, in 8tromnite. 

b. As a Sulphate, in Celestine, [Sr 0, S 0'] ; and sometimes 
in Heavy Spar. 

e. In a Silicic Acid combination of Baryta, Strontia, Alumina, 
and Water, as Brewsterite. If such minerals occur in metalli- 
ferous gangues, a very minute quantity of Strontia maybe detected 
in the dressed ores, and in the slags produced therefrom. 

Examination for Strontia. 

Strontianite alone, and with fluxes, comports itself before the 
Blowpipe flame, like the pure earth. If dissolved in hydrochloric 
add, and the solution evaporated slowly to dryness, the dried 
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residue then burned with alcohol, the intense characteristic 
carmine color will be visible. 

The pyrognostic properties of Arragonite will be mentioned 
under Lime. 

Stromnite is most readily determined as follows : — The pul- 
verized sample is treated on charcoal in the reducing flame, and 
the presence of strontia afterwards recognized by the tint commu- 
nicated to the flame of alcohol, as previously stated 

Gelestine fuses to an opalescent glass, and gives a reddish color 
to the outer flame when heated in a pair of forceps. When the 
glass is treated on charcoal, the sulphate of strontia is reduced to 
a sulphide, and when moistened, behaves towards silver like 
sulphide of barium. Celestine with soda behaves like Heavy 
Spar. When treated like Strontianite, it imparts a beautiful 
crimson hue to the alcoholic flame. 

The casual presence of Strontia in Heavy Spar, is determined 
by reducing to sulphides, and treating with hydrochloric acid and 
alcohol ; the strontia is recognized by the color imparted to the 
spirit when inflamed. 

When Chloride of Strontium is treated on the ring of the 
platinum wire, in the apex of the blue flame, the whole flame is 
immediately perceived of a deep crimson ; however, when the 
assay is fosed, the red color vanishes, and thus the chloride of 
strontium is distinguishable from the chloride of lithium. 

Chapman, in the Chemical Gazette, vol viii. page 428, gives 
the following as the Blowpipe reactions of baryta and strontia. 

Chloride of barium, when mixed with chloride of strontium, in 
much less quantity than 50 per cent, of the former, entirely pre- 
vents the strontia flame from being rendered visible ; and the 
accidental presence of soda can have nothing to do with this 
reaction, because if a mixture of even equal parts of chloride of 
barium and carbonate of soda is made, and the mass exposed 
before the blowpipe on a loop of platinum wire, the yellow flame 
derived from the soda will only prevail for a few minutes, and 
will then give place to the pale green flame of baryta, the whole 
of the soda being got rid of by rapid volatilization under the form 
of chloride of sodium. In like manner a mixture of chloride of 
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strontium, and carbonate of soda, will give, after a well continued 
blast, the characteristic flame of the former. ♦ ♦ ♦ ♦ Both 
the natural sulphate and the carbonate — ^the celestine and stron- 
tianite — ^produce, jd^ te, a well marked crimson coloration, if not 
on the first application of the flame, at least after blowing for a 
few instants. It is true, that with previously ignited chloride of 
strontium, the flame is at first scarcely colored ; but if the fused 
bead be shaken from the loop, and the platinum wire be again 
presented to the flame, the coloration is most intense and per- 
sistent ; a phenomenon not easily explained, unless it be that the 
heat required to produce the reaction without the presence of 
water can scarcely be attained with the laiger globule. 

Thus much for this authority ; his remarks, however, do not 
bear the slightest approximation with the true results. 

Mr. E. E. HoLDEN, at the request of the English author, re- 
peated some experiments on the subject, previously performed by 
the latter, and obtained similar reactions to those which had 
before been gained, as under : — 

The presence of chloride of barium, when mixed with chloride 
of strontium, does not provent the appearance of the red color in 
the Blowpipe flame. 

Caustic strontia, dry or moist, has not the slightest character- 
istic effect, as to coloration, before the Blowpipe, and only its 
moist soluble salts impart a crimson tinge to the flame. Artificial 
sulphate, phosphate, and carbonate of strontia do not, under any 
circumstances, color the apex of the flame. When chloride of 
barium and nitrate of strontia aro mixed in equal quantities, the 
strontia reaction predominates. A compound of equal weights of 
acetate of baryta and nitrate of strontia, deflagrates, and yields a 
greenish yellow flame. Desiccated acetate of strontia gives no 
characteristic coloration, but when kneaded into a paste with 
water, it imparts to the apex of the flame a most brilliant 
crimson. When the chlorides of barium, strontium, and calcium 
aro incorporated, the carmine flame is alone perceptible. 

Substances which neither color the outer Blowpipe flame nor 
the flame of alcohol, such as Brewsterite, assorted ores, slags, 
et cetera^ must be transposed to a state in which the strontia is 
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separated from the other ingredients, and then investigated. The 
procedure is conducted in a manner similar to that given under 
baryta. When chloride of strontium contains chloride of calcium, 
it can he discovered by treating the mixture with carbonate of 
soda upon charcoal The strontia, and any baryta, are absorbed, 
while the lime remains upon the surGetce of the support as an in- 
fusible mass. 

Chloride of calcium, when heated on the ear of the platinum 
wire, communicates a red tinge to the outer flame. The color, 
however, is more feeble with the lime salt than with the chloride 
of strontium. A solution of sulphate of lime precipitates imme- 
diately salts of baryta, but not of strontia. The sulphate of lime 
is perfectly soluble in hydrochloric acid, which distinguishes it 
from the sulphates of baryta and strontia. Chromate of potassa 
readily gives a yellowish precipitate of chromate of baryta, with 
solutions of the salts of this eartL The precipitate is insoluble in 
chloride of ammonium. 



§ 7. LIME — Ca 0. — Presence in the Mineral Kingdom. 

Lime is met with — 

a. As Fluoride of Calcium, in Fluor 8pa/r [Ca Fl] ; 

ft. As Carbonate of Lime, [Ca 0, C 0«] in Chalk, Limeitone, 
Calcareous Spar, KaOc Tuff— Tufa, Bock MUk—Berff-milch, 
Schiefer Spar — Slate Spar, Anthraconite, Stinkstons — ^from 
the strongly fetid odor it exhales when slightly rubbed — Ma/rl, 
and in bituminous marly slate ; further, with a trace of Carbonate 
of Strontia, in Arragonite, also with carbonic add, in Dolomite, 
[Ca 0, C 0« + 3 (Mg 0, C 0«)] et cetera, and with Carbonate 
of Baryta, in Bart/tocalcite ; 

c. As Sulphate, in Gypsum — Selmite — [Ca 0, S 0* + 2 aq], 
and Anhydrite [Ca 0, S 0^] ; further, with Sulphate of Potassa 
and Sulphate of Magnesia, in PolyhaUite ; with Sulphate of 
Soda, in Glauberite, and with Sulphate of Baryta, in Calcareous 
Heafoy Spar ; 

d. As Phosphate of Lime, with Chloride of Calcium, — ^the 
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latter being sometimeB more or less replaced by Fluoride of 
Calcium, — in Apatite — so named by Wbbneb, from «roTa«, to 
deceive, in allusion to its being easily mistaken for certain other 
minerals,— [Ca S} + 3 (3 Ca 0, P 0^) ] ; or, [Ca Q + 3 (3 0a 
0, P 0«) ] = [Ca Fl + 3 (3 Ca 0, P 0«) ] ; 

e. As Arseniate of Lome, in Fkarmacoltte — from the Greek, 
in allusion to its containing a poisonous ingredient — [2 Ga 0, As 
0* + 6 aq], and HardingeriU [2 Ca 0, As 0* + 4 aq] ; 

/ Ab Tungstate of Lime, in Sekwentein [Ca 0, W 0>] ; 

g. As Titanite and Silicate of Lime, in Titanite and Spkene — 
brown and yellow Menaccanit&^[C9k 0, 3 Ti 0< + Ga 0, 2 Si 
0«], and [Ca 0, 2 Ti 0« + 2 (Ca 0, Si 0«) ] ; 

h. As Tribasic Tantalate of Lime And Yttria, oootaining traces 
of proto-tungstate of iron, lime, aad oxide of uranium, in Dark 
Yt^ihtantalite [J^g{ + Ta 0'] ; and with a oonsidetaUe 
quantity of Tribasic proto-tungstate of inm, in Black Yttro- 

tantalite [jcjol + j^gS]: the Yellow Yttro4antalite con- 
taining a large proportion of peroxide of uranium, its formula 
i8[3YO{?8S]; 

f . As neutral and bibasic Borate of Lime, with Bisilicate of 
Lime, in Datolite [Ga 0, 2 B 0* + Ga 0, 2 Si 0« + aq], and 
Botty elite, — from the Greek, owing to the resemblance in form to 
grapes— [2 (2 Ca 0, 2 B 0^ + 2 (Ca 0, 2 Si 0«) + 2 aq] ; 

k. In Silicates ; and indeed : — 

^ In a Silicate where the Lime alone is in combination with 
the acid, namely, in Tabular Spar — WoUcutonite — [3 Ca 0, 
2 Si 0«] ; 

* In Silicates of Potassa and Lime, with Water, — ^for example, 
Apokla8—ApaphyUite^9 {?g} Si 0« + 16 aq] ; which gene- 
rally contains hydrofluoric acid ; 

' In Silicate of Lime, or Lime and Alkalies, with Silicate of 
Alumina and water of ciystallization ; exempli graiiay in — 
StiWite [3 Ca 0, Si 0« + 3 (Al» 0^ Si 0«) + 18 aq] ; 
Demine \^%\ 3 Si 0« + 3 (AP 0», 3 Si 0«) + 6 aq] ; 
Heulandite [3 (Ca 0, Si 0«) + 4 (Al« 0^ 3 Si 0« + 18 aq] ; 
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Laummite [3 Ca 0, 2 Si 0« + 3 (Al« 0^ 2 Si 0«) + 12 aq;] 

Scolezite [Ca 0, Si 0« + Al« 0», Si 0« + 9 aq] ; 

Prehnite — ^from Colonel Prehn, its discoverer — [2 (3 Ca 0, Si 0*) 

+ 3 (Al« 0», Si 0«)+ 8 H 0, Si 0«] ; 

Patasia Ha/rmotome [3 K 0, 2 Si 0« + 2 (3 Ca 0, 2 Si 0«) + 

10 (Al« 0», 2 Si 0«) + 46 aq] ; 0^ c^tora. 

^ In Silicates without water ; exempli gratia — 
Labradorite\\^%\ Si 0«+ 3 (Al« 0^ 2 Si 0«) ] ; 

ScapoUU-Wemerite— \l^l\ 2 Si 0« + {^Jg?} 2 Si 0«] ; 

LSNftOJ 

Anortkite [3 {JSjoj Si 0« + 8 (Al« 0», Si 0«) ; 

6 In Silicates of Lime and Magnesia, in which the alkaUne 
earths are more or less replaced by Protoxides of Manganese and 
Iron, and the Silicic acid, sometimes by Alumina. To these 
belong : — 

* Amphibole — Hornblende — according to Bohsdokff, contains 
hydrofluoric acid; with lime, it forms fluoride of Calcium. 
Bebzeuus gives it the following general formula [Ca Fl + ^ 
(Ca 0, Si 0« + 3 Mg 0, 2 Si 0«) ] ; Trmdite or GframmaHte, 
Asbestoe TremoliUy Asbestos^ Asbeetiform ActynoUte, Byssolite, 
the Hornblendes, et cetera. Further : — 

^ I^^zenes ; exempli gratia, Diopside or Alalite, white 
Malaeolitey SaUite, are represented by the formula [3 Ca 0, 
SiO«+3MgO,2SiO«]; also, 

* The Ferriferous Pyroxenes, as Ferriferous MalacoUte 
[9 Ca 0, 6 Si 0« + {%%%] + 2 Si 0«] ; the Hedenbergite 
[3^0} + 3 Si 0'] ; and the Liemte^Tenite—[3 Ca 0, Si 
0« + *(8FeO,SiO«]; 

* In Silicates of Lime and Magnesia, with Alumina, in which 
the Alumina is often replaced by Iron and Manganese, exempli 
^««a,inZomte[2(3CaO,SiO«+5 1^«S^} SiO«]; Pis- 
tacit — Epidote— [909^0, Si 0« + 4 {^*^} S0«; Idio- 
erase — Vesmian — Egeran, and many Garnets, the general 

[SMgOJ 
80^ o^ Si 0« + AI2 0», Si 0«; QeUenUe 
SMnO) 

I 2 
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[ISsl + USi'SJ}; etcetera. 

7 In Silicates of Yttria^ Oxide of Cerium, Alumina, Lime, 
Iron, and Manganese, namely, in Ceriney which contains Cerium, 
Silicic acid, Iron, Lime, Alumina, Titanic acid, Manganese, 
and Water ; AWinite [3 Fe 0, Si 0« + 3 Ce 0, Si 0«) + 3 Ca 
0, Si 0« + 2 Al« 0\ Si 0«] ; Orthite-^ species of 8er- 

-8C« Ox 

pentine^-4 \ jMnof Si 0« + 3 (Al« 0^ Si 0«) + 9 aq ] ; and 



tSCa Ox 
8Fe O 
SMnO 
SCa O 
»Y O, 



Pyrorthtte [3 Ce 0, Si 0«, + 3 (Al« 0^ Si 0«) + Carbon, Lime, 
Tttria, Manganese, Iron, et cetera, 

^ In polybasic Silicates, with one or more Borates mixed 
with them, exempli gratia, Axinite [2 (SS^S}, Si 0« + 

*{£s}SiO^)+{£gJ]; andkstly,- 

9 In Silicates of Soda, Lime, and Alumina, mixed with 
Sulphates ; exempli gratia, — Lapis Lazuli, known as Lazurstein, 
Lazulite, and Azure Stone. 

Eans, in treating of this mineral, gives its composition as 
follows : — 

SiUca 36-8 

Alumina 34'8 

Soda 23-2 

Sulphur 3-1 

Carbonate of lime ... 3*1 

1000 

and remarks, that it is difficult to deduce a formula from these 
numerical results, as the state of combination of the sulphur is 
not well understood. In Nosin — Spinettane — Na 0, Si 0' + 3 
(U 0, Si 0«) + 6 (Al« 0^ 2 Si 0«) ], et cetera. This earth also 
presents itself in numerous silicates with Soda, Manganese, 
Potassa, Alumina, Magnesia, Iron, as in Babingtonite, Barsowite, 
Epidote, Anorthite, Beaumontite, Okenite, Olottaiite, Eirwanite, 
Edingtonite, Holmite, Huronite. 

Leading gangues of ores very often eviscerate Calcareous and 
Fluor Spars ; Ume more frequently forms a principal component 
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of seveTal ores, which are assayed in the dry way, and also an 
ingredient of the slags, scori®, and recrements obtamed there- 
from. 



Examination for Lime, 

Fluor spar is very readfly recognized before the Blowpipe. 
When slightly heated, it assumes a luminous appearance, which 
appears greenish in the dark. On the temperature increasing, it 
decrepitates. Heated on charcoal as an impalpable powder, it 
melts to an opaque glass. 

Fluor spar can be recognized with the greatest d^ee of 
certainty, by heating it with Oypsum, Heavy Spar, and Gelestine, 
whereby it melts in the flame to a clear bead, which is opalescent 
when cold. 

K Calcareous Spar — carbonate of Ume — ^be heated in the 
Blowpipe flame upon charcoal, carbonic acid escapes, and during 
its evolution the Ume acquires a peculiar lustre. If the residue, 
which is caustic lime, is treated with water, a great heat is pro- 
duced, and the mass reacts alkalina In this combination the 
temperature rises sufficiently high to inflame gunpowder. When 
strongly heated in the apex of the blue flame, upon the pincers? 
the Calcareous Spar, after being causticized, colors the outer 
flame carmine-red, but much weaker than a strontia salt This 
mineral behaves towards borax and microcosmic salt, in which 
fluxes it is dissolved with efiervescence, as also towards soda, like 
lime. The other varieties of carbonate of lime comport themselves 
similarly ; but if they contain metallic oxides, they impart to the 
fluxes the characteristic colors of these oxides. 

Arragonite, when smelted on charcoal, decomposes, and fusible 
particles remain. This residue reacts alkaline on moistened 
reddened litmus paper, and when held in the apex of the blue 
flame, between the platinum forceps, the outer flame is colored 
carmine-red, from the presence of Strontia. Arragonite dissolves, 
with efiiervescence, in borax and microcosmic salt, forming a dear 
glass. It is not at all affected by soda ; the alkali is absorbed by 
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the ehaiooal, and the lime assay remains on the sm&ce. When 
heated to incipient redness, it tomeBes, fbnns a light white 
powder, and a very small quantity of water collects in the beak of 
thematnuBS. 

Dolomite, Bantenspar, and Brownspar, are infusible before the 
Blowpipe ; when freed from their carbonic acid they are alkaline. 
They dissolve in borax and microcosmic salt to a dear glass, 
generally colored by oxide of iron and manganese, and aie not at 
all affected by soda. 

Lime and Magnesia are only recc^nized widi oertainty, before 
the Blowpipe, by the assistance of the moist way, as will be 
described under Magnesia. 

In Baiyto-calcite the lime is determined as mentioned under 
Baryta. 

Sulphuric Add combinations : — 

a. Gypsum and Anhydrite are difficultly smdtable in the 
oxidating flame, to an enamelled glass. If the fusion is performed 
on chaiooal in the reducing flame, they are reduced to sulphides, 
which, when moistened, have an hepatical smdl, and react 
alkaline with reddened litmus paper. With borax they dissolve 
with effervescence to a dear ghiss, which, on cooling, is yellow or 
dark yellow. When more Gypsum or Anhydrite is added, the 
bead is brown and opaque when cold. They behave with micro- 
cosmic salt and carbonate of soda like pure lime Gypsum and 
Anhydrite mdt readily to a dear glass, which is enamd-white on 
cooling ; when the blowing is continued, the bead tumefies and 
becomes infusible. The characteristics for diRtingnifthing Gypsum 
from Heavy Spar and Cdestine, are as follows : — 1. The slight 
hardness of the Gypsum ; 2. Its ready fusibility, in comparison 
with the Sulphate of Baiyta ; and, 8. Frindpally, the comport- 
ment of Gypsum with carbonate of soda, as r^ards the baryta 
and strontia, which are absorbed by the charcoal, while the lime 
remains. 

b. Polyhallite, when heated in a glass tube, liberates water ; 
on charcoal it fuses to a douded red globule, which in the 
reducing flame becomes white, and appears vesicular, its taste is 
saline and somewhat hepatical Smelted in the ring of the 
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platinxnn wire, it colors the outer flame yellow, from the presence 
of soda. 

With borax it dissolres easily, with violent effervescence, to a 
transparent glass ; but if a large quantity of the mineral has been 
added, the bead will be colored by the iron, opaque on cooling. 
It is decomposed by soda, and produces an argillaceous mass, 
which in the reducing flame assumes a yellowish hue, from being 
contaminated with hepar — sulphide of antimony. — ^With fluor 
spar it melts to an unclear pearL 

lime and magnesia are not readily separated by oxalate of 
amnonia and microcosmic salt, from an aqueous solution of the 
mineral, treated with hydrochloric acid The contents of potassa 
can only be found in this case according to the method given 
under the head of that alkali. 

4. Olaubeiite, when treated per se on charcoal, becomes at 
first white, and then melts to a transparent pearL This also 
occurs in the reduction flame, and the assay becomes hepatic. 
Bf continuing the blast, the sulphide of sodium is absorbed by 
tie charcoal, and the lime remains. 

When the powdered mineral is kneaded into a paste with 
vater, and held on the ring of the platinum wire, in the oxidating 
dame, the outer sphere is colored yellow, owing to the presence of 
soda. 

When smelted with carbonate of soda on charcoal, the assay 
is decomposed, and the alkali, with the reduced sulphide of 
sodium, is absorbed by the support, and the lime remains 
behind 

d The pyrognostic properties of Calcareous Heavy Spar, have 
already been treated of under Baryta, see page 109. 

Apatite alone fuses with difficulty on tiie edges. It dissolves 
tardily in soda, forming a clear glass, which often partakes of the 
iron color ; when there is a slight excess of the mineral, the assay 
becomes turbidly streaked, and with a still greater addition, is 
opalescent when cold 

It dissolves in large quantities in microcosmic salt to a clear 
glass, which is, however, slightly tinged fipom the presence of 
oxide of iron. When slightly saturated, the bead becomes 
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opaque on cooling, and ezhibite &cetB, which arc, however, less 
perceptible than those produced by phosphate of lead, when heated 
in the reduction flame and allowed to refrigerate. If the glass be 
perfectly saturated, a milk-white globule results, and no £EM»tsare 
observable. 

With an equal part of carbonate of soda, Apatite produces a 
vesicular infdsible mass, and when more of the alkali is added, it 
is absorbed by the charcoal. Chlorine, phosphoric, and hydio- 
fluoric acids are determined according to the method given unler 
their separate heads. 

The presence of lime can only be ascertamed with the as- 
sistance of the moist way. The substance should be dissolve! in 
hydrochloric add, the solution diluted with spirit of wine of 
about 63°, and the lime precipitated by weak sulphuric add. ?he 
supernatant liquor can, after filtration, be examined with am- 
monia for alumina. As the compound of lime with phosphodc 
acid is predpitated by ammonia unchanged, from a solution of tie 
phosphate of lime diluted with water ; consequently, alumina aid 
sesquioxide of iron cannot first be precipitated by ammonia. L 
is necessary to separate the lime first, by means of dilute sulphuri« 
add 

Fharmacolite is readily discovered by triturating with carbonate 
of soda, and treating the mixture on charcoal in the reducing 
flame. The arsenic add is reduced and volatilizes, which is 
ascertained by the smelL The soda is absorbed by the chahXMd, 
and the lime remains behind. 

Schwcrstein — ^Tungstate of Lime — ^frises on the edges to a 
partially translucent bead. 

It dissolves readily in borax to a transparent glass, in the 
02ddating flame, which soon appears crystalline and milk-white. 
This assay is not colored when mixed with tin and treated in the 
reducing flame. 

It soon liquefies with microcosmic salt in the oxidating flame, 
forming a colorless glass, which in the reducing flame partakes, 
while hot, of a green color, and on refirigeration of a beautiful 
blue. The glass, when treated with tin on charcoal in the 
reducing flame, assumes a darker color, which on cooling is green. 
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By contmued treatment in the reducing flame, with a sufficient 
addition of tin, the tungsten separates, and the glass only exhibits 
a slight greenish hue. 

With carbonate of soda it tumefies, and becomes rounded on 
the edges. If a small quantity of the pulveiized mineral be 
smelted with four times its volume of soda, on a platinum wire, 
or in a platinum spoon, and the assay affiised oyer the flame 
of a lamp with water, tungstate of soda, and the excess of alkali 
added, will be dissolved, and the lime collects at the bottom of 
the spoon. The tungstic acid is separated from this solution, 
according to the method given under the head of this add, and 
the lime is determined with soda on charcoal. 

Sphene and Titanite, alone before the Blowpipe, slightly 
intumesce, and fiise on the edges to a dark glass. 

With borax they readily melt to a yellowish diaphanous 
glass, but in the reducing flame the color of titanium is not 
produced. 

In microcosmic salt, Sphene and Titanite dissolve with diffi- 
culty ; the undissolved part becomes opaline. The amethystine 
tinge is afforded, particularly when the assay is treated upon 
charcoal mixed with tin in the reducing flame. With carbonate 
of soda they fuse to an opaque glass, but in no proportion give a 
transparent one ; on cooling, the globule is white, or greyish 
white. When an excess of the alkali has been added, the greater 
part of the assay is absorbed by the charcoal, and the lime 
remains behind. 

If Sphene or Titanite be smelted with six times its volume of 
bisulphate of potassa, in a platinum spoon, and the melted mass 
affused over the flame of a lamp with a sufficient quantity of 
water, — the liquid must not be allowed to boil, — ^the titanic add 
and sulphate of lime dissolve, leaving a silidous residue. The 
titanic add depodts from the filtered solution upon boiling, and 
the lime can be separated by oxalate of ammonia. Should there 
be any doubt as to the nature of the predpitates, they can be 
separately examined, after being well washed, before the Blow- 
pipe, — ^that is, the lime with carbonate of soda on charcoal, and 
the titanic add according to the method given under the head of 
Titanium. 
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The silieioua deposit may oontain titanic aod, and a portion of 
sulphate of lime, if the minetal had not heen previoaaly reduced 
to a fine powder, or if an adequate quantitj of water waa not 
added. 

The pyrognostic propertieB of YttKHtantalite are giv^ under 
Tt(ri& 

Datholite and Botiyolite — ^both from Arendal, in Norway — 
behave before the Blowpipe, according to Bsbzbliits, as fol- 
lows :-— 

When treated alone in tubes, they endve aqueous Tapor. 
On charcoal they vesiculate like borax, and then melt into a 
transparent globule, which sometimes, from impurity or unequal 
limpitude, is either rose-red or iron-green. They dissolve readily 
in borax to a clear bead, without assuming the odon above 
mentioned. 

With microcosmic salt they easily fuse, leaving behind a 
silicious compage ; a greater addition of the assay gives at first 
an opaque glass, and lastly, an enamel-white one. 

They dissolve with a little soda to a dear glass ; on a greater 
addition the bead is opaque on cooling, and with an excess the 
whole assay is absorbed by the charcoal 

With gypsum, they fuse with greater difficulty than Fluor Spar, 
to a clear globule, which remains so on cooling. 

With a solution of nitrate of cobalt, Datholite and Botiyolite 
give an unclear blue glass. The lime is determined in these 
minerals by smelting with bisulphate of potassa, and treating 
the glacial residue with an adequate quantity of water, and 
decomposing the clear solution, after separation of the silica with 
oxahhte of ammonia. The bonudc add is recognized by a special 
test 

In Silicates, the aid of the moist way is always requisite for 
determining the Ume, which is very sddom ascertained with 
certainty before the Blowpipe. 

This earth, which forms the only base ot Tabular Spar, can be 
readily found by mdting the powdered nuneial with an excess of 
bisulphate of potassa, and treating the fused mass with suffident 
water. The sulphate of lime formed, and the sulphate of potassa, 
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diflsolve, while the silica remains behind, sometimes with a portion 
of the gypsum. The earth is precipitated after filtration by 
oxalate of ammonia ; the oxalate of lime is then collected on a 
filter, and, after being washed, treated with soda on charcoal, or 
with microcosmic salt upon the platinum wire. Should the 
mineral contain traces of alumina, this earth can be p recipi t ated 
by caustic ammonia, before the lime is separated by the oxalate, 
and afterwards tested with a solution of cobalt, provided there is 
BO seequioxide of iron present to prevent the pale-blue reaction, 
upon charcoal To obtain the silica quite free ficom sulphate of 
lime, the silicious residue on the filter must be treated with a 
tery weak hydrochloric acid solution, and filtered. This second 
filtrate must not be added to the first, because if it is not properly 
diluted, a precipitate of sulphate of lime may occur on the addi* 
tion of ammonia. Silicates, — ^including fiimaced ores, scoriae, 
et cetera, with several bases, are sometimes not at all decomposed 
by bisulphate of potassa. This, however, is effected, if the process 
be conducted similar to that given under Baryta for fiimaced ores 
and slags. — For the decomposition of silicates, a mixture of car- 
bonate of soda and potassa wiU be found the best. 

If the solution obtained after melting the silicate with soda and 
borax, et cetera, — given under Baryta, contains protoxide of iron, 
it must be converted into the sesquioxide with a few drops of 
nitric add ; then add chloride of ammonium, and precipitate the 
alumina and sesquioxide of iron by a slight excess of ammonia. 
The method of separating these two constituents will be given 
under Alumina, when the silidous compounds are noticed. The 
lime which is in solution, combined probably with portions of 
magnesia, protoxide of manganese, and oxide of cobalt, is ex- 
amined as follows. Sulphide of Ammonium is added to the 
solution, until all the manganese and cobalt are precipitated The 
liquid is then filtered, and the residue washed with water, con- 
taining someof the precipitant. After affiising for some time, the 
filter containing the sulphides is bumt> the residue pcdverized, 
and examined with microcosmic salt on platinum wire for cobalt, 
and with carbonate of soda, to which a smaQ quantity of saltpetre 
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has been added, on the platiniim foil, in the oxidating flame, for 
manganese. 

To the filtrate is added a few drops of hydrochloric acid, and 
the whole is treated over the lamp, nntil no sulphide of hydrogen 
escapes. The menstruum is then filtered firom the sulphur, the 
solution saturated with ammonia, the lime precipitated as an 
oxalate, and separated by filtration. The magnesia is precipi- 
tated by microcosmic salt as ammonia-phosphate, but before 
adding the microcosmic salt it must be ascertained whether all 
the lime has been abstracted. When no manganese or cobalt is 
present, there will only be two filtrations, to separate the lime 
firom the magnesia. If the silicate contains traces of protoxide of 
manganese only, the precipitated magnesia must be examined 
for them with soda and saltpetre, as will be given under Man- 



The protoxide of manganese is converted into a higher oxide 
by the nitre which combines with the alkali, forming a dear 
limpid glass, which is driven firom one part of the platinum foil 
to another, while the magnesia remains in one spot upon the 
support, and is readily seeiL 

The examination of silicates, which, besides lime, may contain 
yttria and protoxide of cerium, is given under Tttria. — ^When 
solutions of Ume are so very dilute, that sulphuric acid causes no 
precipitate, alcohol should be added, when a deposit of sulphate 
inunediately appears. 

DoBEREiNEB has givcu an excellent method for the separation 
of lime and magnesia, which is nearly as follows : — ^Evaporate the 
hydrochloric add solution of the two earths to dryness, in a large 
porcelain crucible, and then ignite to expel the excess of add- 
Add chlorate of potassa in small crystals, until the eliminated 
chlorine gas is percdved When the dry mass is afiused with 
water, chlorides of caldum and potasdum dissolve, and a reddue 
of pure hydrated magnesia remains. The liquid can now be 
filtered, to separate the magnesia, and oxalate of ammonia added, 
to precipitate the lime. 
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§ 8. MAGNESIA^Ug O^Presence in the Mineral Kingdom. 

This earth occurs as follows : — 

a. Per se, as Perikku, 

b. In Aluminatey as also in Aluminate of Magnesia — 
Spinel — [Mg 0, Al* 0*] ; and as an Aluminate of the Prot- 
oxide of Iron and Magnesia, in Zeylanite — Pleonaste — 
[S?8} Al^OT; 

c. In Brucite—Candrodite, Maelureit&—\)ILg Fl + 3 (3 
MgO,SiO0]; 

d. With Carbonic Acid, in Magnetite } Pe o I C 0«] ; and 

with Carbonic acid and Carbonate of Lime, in many Carbo- 
niferoua SparSy as Dimeric in JDolomitey Isomeric in Twrandite, 
Americ in Broten Spar, et cetera. 

e. With Sulphuric Acid and Water, in Sulphate ofMagneda 
[Mg 0, S 0* + H + 6 aq] ; and with Sulphuric Acid, Sul- 
phate of Potassa, and Sulphate of Lime, in PolyhaUite, 

/ With Boradc Acid, in Boradte [Big 0, 2 B 0^ + 2 (Mg 0, 
BO^)]; 

ff. In Silicates : — 

^ In which Magnesia forms the principal base ; exempU gratiay 
in Speekstein [6 Mg 0, 6 Si 0* + 4 aq] ; Meerschaum [Mg 0, 
Si 0« + aq] ; Pioramim—Paralloltte—[3 Mg 0, 2 Si 0«] ; 
Serpentine — ^hydrate of magnesia with subsilicate of magnesia — 
[3 Mg 0, 6 H + 2 (3 Mg + 2 Si 0«) ] ; Olivine [3 Ca 0, 
Si 0« + gJ!?S{ Si OM ^ c^^<^' 

^ In Silicates of Lime and Magnesia, with Silicates of 
Alumina, without water ; as Anorthite [3 Mg 0, Si 0* + 2 
(3 Ca 0, Si 0«) + 8 Al« 0^ Si 0«] or [3 Mg 0, Si 0« + 2 Al« 
0^ Si 0« + 2 (3 Ca 0, Si 0« + 3 Al« 0^ Si 0«) ]— Berzblius, 
and according to Abioh [3 R 0, 2 Si 0« + 2 (R« 0», 2 S 0«) + 
6 (3 Ca 0, Si 0«) + 3 (Al« 0«, Si 0») ] ; 

' In Silicates of Potassa or Soda, with Silicates of Magnesia, 
Alumina, and Protoxide of Iron, with and without water, in which 
the alkalies are often replaced by Magnesia and Protoxide of 



126 EXAMINATION FOR MAQNESIA. 

Iron ; ex&mpli ffroHa, in Prismatic Moffnesian Mica, to which 
Potstoney Green Eartk, CUoriUy and Talc belong ; 

^ In Silicates of lime and Magnesia, in which the alkaline 
earths are more or less replaced hj Protoxides of Iron and 
Manganese, and the Silicic acid sometimes by Alumina ; to these 
belong Amphibole and the Magnesia-Pyroxenee ; 

^ In Silicates of Lime and Magnesia with Alumina, in which 
the alkaline earths are sometimes replaced by Protoidde of Iron, 
and the Alumina by the Sesquioxide ; exempU gratia, in Mag^ 
nesia-Idioorase ; m^% Black Garnet of Arendal ; m Soapstone 
[3Mg 0, 2 Si OS + Al< 0^ 2 Si 0« + 6 aq] ; mBhte and Bed 

Dichroite—IoUte, CbrJwrito— [agoj Si 0« + Al« 0», 2 Si 0«] 

and [3 Mg 0, 2 Si 0« + {• #il gi} Si 0«] ; 

' In Silicates with Phosphates ; exempli gratia, in Borda- 
tealite, seemingly a mixture of [2 Mg 0, P 0*] with [3 Mg 0, 
2 Si 0« + Al« 0*, 2 Si 0« + 2 (3 Fe 0, 2 Si 0« + AP 0«, 2 Si 

OO]; 

7 In Silicates with metallic Fluorides ; as in Chandrodite 
[3 (Mg Fl) + 4 (3 Mg 0, Si 0«) ].— Magnesia is met with in 
Boltonite, Batrachite, Nemalite, Villarsite, Steatite, Aphrodite, 
Gymnite, Antigonite, Pennine, Monradite, Piotine, Leuchten- 
beigerite, Spadaite, Schillerspar, Dermadne, Praseolite, Esmarkite. 

If some of the above mentioned minerals occur as well in the 
gangues as in the ores, the ores prepared in the dry way, and 
also the recrements and scorisB obtained therefrom, generally 
contain a small quantity of Magnesia, which can readily be deter- 
mined 

EgMmination for Magnena. 

a, Aluminate, Spinel, and Zeylanite are readily recognized 
before the Blowpipe, as th^ give characteristic glasses, owing to 
the metallic oxides they contain, but magnesia per se, is not 
detectable with certamty. To anriye at this earth, the finely 
powdered mineral must be heated with two parts of soda and 
three parts of borax, upon charcoal, the fused mass dissolved in 
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hydrochloric acid, the solution evaporated to diyness; again 
dissolved in water, and the liquid filtered, to separate the silica. 
Nitric acid must then be added to the filtrate, to convert the 
protoxide of iron into sesquioxide, and two spoonfuls of chloride 
of ammonium introduced ; the iron, alumina, and any oxide of 
chromium must then be precipitated by ammonia, and separated 
fix)m the supernatant liquor. The filtrate must now be boiled, 
the magnesia precipitated by microcosndc salt as ammoniar 
phosphate. This precipitate must be collected on a filter, edulco- 
rated with water, and then treated on charcoal It fiises to a 
white crystalline transhicent pearl, and when treated with a few 
drops of cobalt solution, assumes a violet color, which appears 
reddish in the flame of the lamp. When the Spinel dissolves in 
borax with efiervescence, it is a sign that there is some carbonate 
of lime between the interstices. Should this occur, the lime is to 
be precipitated by oxalate of ammonia, before the addition of the 
microcosmic salt. The aluminous precipitate can be examined 
with borax or microcosmic salt upon the platinum wire, for iron 
and chromium, or else treated with potassa, which dissolves the 
alumina, and leaves the sesquioxide of iron as a reddish brown, 
and the oxide of chromium as a dirty green deposit. Another 
method of analysing a mixture containing alumina, sesquioxide of 
iron, and oxide of chromium, is as follows : — ^To a cold hydro- 
chloric acid solution of the compound, add solution of potassa, 
which wiU precipitate the sesquioxide of iron as a reddish brown 
powder, and filter. Boil the solution, which should contain an 
excess of alkali ; the chromium will precipitate of a green color, 
and must be separated by filtration. To the filtrate add chloride 
of anmionium, which will throw down the alumina. This is an 
excellent method, especially for qualitative analysis. 

IS the mineral contains iron and chromium, and the residue 
only appears ferruginous, the mass fnay be smelted upon the plati- 
num wire with nitrate of potassa, and the fused mass treated with 
water. The chiomate of potassa formed, and the undecomposed 
nitrate, dissolve, while the iron remains behind. The chromic 
acid can be detected in the solution, according to the method 
given under CShromium. 
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b. Brucite, when moistened, after being treated on charcoal, 
reacts alkaline with reddened litmus paper. It comports itself 
towards fluxes similarly to magnesia. 

c. Carbonate of Magnesia : — 

^ Magnesite, when not contaminated, behaves like Brudte : 

* Carbonate of Magnesia with Carbonate of lime, as Dolomite, 
Brown Spar, et cetera. 

These compounds behave like carbonate of lime before the 
Blowpipe, so that the magnesia cannot be distinguished from the 
lime. It must, therefore, be obtamed after separating the iron 
and lime, by the process previously given as ammonia-phosphate, 
and then treated on charcoal per m, and also with equal parts of 
soda and nitre upon the platinum wire. It ought to melt to a 
white dystalline pearl, easily soluble in microcosmic salt, pro- 
vided no trace of manganese is present, producing a colorless 
glass, remaining so when brought in contact with a crystal of 
saltpetre. The smallest portion of manganese, if present^ will be 
infallibly detected by treating the precipitated magnesia with soda 
and nitre on platinum foil. 

If an appreciable quantity of manganese is contained in the 
spedmen, it is better to precipitate it by sulphide of ammonium ; 
then filter, and free the solution ficom sulphide of hydrogen, as 
given in the lime examination. 

d. Sulphate of Magnesia — ^Epsomite— is immediately recog- 
nized on treating with a solution of nitrate of cobalt 

e. Boracite fuses with intumescence on charcoal ; it is difficult 
to obtain a dear pearl, as it becomes drusy upon cooling ; that 
is, the whole surface of the charcoal presents crystalline needles. 
The glass while hot appears slightly yellowish, from the presence 
of sesquioxide of iron, but on refrigeration it is opaline. It 
readily dissolves in borax, forming a transparent ferruginous 
colored glass. 

Boracite also dissolves with facility in microcosmic salt to a 
clear glass, here and there turbidly streaked, and if an excess is 
present, the bead will be opaque when cold. 

When it is melted with carbonate of soda sufficient to produce 
a clear glass, the assay on cooling presents crystals and large 
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fbcet& with mote of the alkali, the glass is siinilar to a mag- 
nesian head not sufficiently saturated. Heated in a powdered 
state upon charcoal, with a few drops of a cobalt solution, the 
whole concretes forming a blue mass. 

When melted with bisulphate of potassa, and the fused assay 
dissolved in water, the magnesia can he precipitated and examined 
as before stated. 

Should the Boradte contain borate of lime also, it is readily 
discovered by adding to the aqueous sulphate solution a little 
chloride of ammonium, and then oxalate of ammonia, before pre- 
cipitating the magnesia with microcosmic salt 

The Boracic Acid is determined according to the prtxsess given 
under this head. 

/ In Silicates, in which magnesia forms the only base, exempli 
gratia^ Speckstein, Meerschaum, Picrosmine, abd Serpentine, the 
magnesia is ascertained the most readily by smelting the mineral 
with bisulphate of potassa, and treating the vitreous residue with 
water ; by this means the insoluble silicic acid is separated, and 
the filtrate, containing sulphate of magneoa, can be heated with 
microcosmic salt, and examined as before itemarked. K the 
mineral contains lime, as Olivine, it must be separated previously 
to precipitating the magnesia. Silicates containing several bases, 
to which the majority of the prepared ores and slags belong, 
cannot have the magnesia determined urith certainty before the 
Blowpipe, either alone or with bisulphate of potassa ; therefore, 
they must be examined in the same manner as given under 
Baiyta and Lime. The precipitation of the Basic Ammonia- 
phosphate of Magnesia, is greatiy &cilitated when the menstruum 
is boiled. When there is a tery email quantity of magnesia 
present, it is better to allow the liquid, after the addition of the 
precipitant, to repose for some hours^ 



§ 9. ALUMWA—Al* G^—Pretence in ike Min&rdl Kingdom. 

Alumina is very abundant, being found, — 

a. As pure Alumina, with slight traces of Silica and Ses- 

K 
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qniozide of Iron, in Corundumy Sapphire, Svbfi a&d Diamant 
Bpar; 

b. As Hydrate of Alumina, in Diaspare [ Al' 0' + aq] ; and 
GiNmU [ Al« 0» + 3 aq] ; 

e. With Magnesia, as Magnesia- Alumina, in Spinel; with 
Protoxide of Iron, as Ferruginous Aluminate of Magnesia, in 
Zeylanite ; with Chdde of Zinc, et cetera, Zinoous Alumina, in 

Automalite — Gahnite — j i£ o I Al* 0^] ; and with Oxide of Lead, 

as Aluminate of Lead, in Pbmbffomme [Fb 0, Al^ 0^ + ^ ^ ; 

d. With Fluorine and Fluoride of Sodium, in Cryolite [3 (Na 
Fl) + Al« 0^ 3 Fl] ; 

e. With Sulphuric Acid and Water, in Aluminite [Al« 0*, 
S 0^ + 9 aq] ; with Sulphuric Acid, Potassa, and Water, in 
Pataesa-Alum ; with the same constituents without Potassa, but 
with Ammonia, in Ammania-Alum ; and with Sulphuric Acid, 
Potassa, Sesquioxide of Iron, and Water, in Iron-Alum ; 

Formuka for the two aboye-mentioned Alums : 
PotaseorAUm [K 0, S 0» + Al« 0^ 3 S 0^ + 24 aq] ; 
AmnumiarAlum [N H* 0, S 0^ + Al« 0«, 3 S 0» + 24 aq] ; 
InmrAltm [K 0, S 0* + Fe« 0^ 3 S 0^ + 24 aq] ; 

f. With Phosphoric Acid and Lithia, in Aniblygonite : with 
Phosphoric Acid, Water, a little Fluorine, Lime, Protoxides of 
Lron and Manganese, in Wavellite [2 Al, 3 Fl + 3 (4 Al« 0^ 
3 P 0^ + 18 aq] ; with Phosphoric Acid, Magnesia, Silica, 
Protoxide of Iron, and Water, in Lazulite [3 (5 Mg 0, 2 P 0*) 
+ 4 (6 Al« 0», 3 P 06) + 4 Fe 0, P 0* + 15 aq] ^ cetera, in 
yaijing proportions ; 

g. In Silicates, exempli gratia. 

^ Where Alumina is the only base, as in Cyanite [2 Al^ 0^ 
Si 0«, + 3 (Al« 0^ Si 0«) ] ; 

^ In Silicates of Potassa and Lime ; exempli gratia, in Zoisite 
—EpidGte ; 

^ In Silicates of an Alkali, or of an Alkaline Earth, and Sili- 
cates of Alumina, combined with water of crystallization. To 

these belong Chabaeite {]||*g} Si 0« + 3 (Al« 0^ 2 Si 0«) + 
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15 aq] ; MesolUe [Na 0, Si 0« + Al« 0^ Si 0« + 2 aq + 2 
(Ca 0, Si 0« + Al« 0^ Si 0« + 6 aq) l—Mesolite may be con- 
sidered as a mixture of Mesotype and Scolezite; Mesotype [Oa 0, 
Si 0« + Al« 0«, Si p« + 3 ail ; Anaclims [3 Na 0, 2 Si 0« + 
3 (Al« 0^ 2 Si 0«) + 6 aq] ; StUbite Lammite, Harmotame, 
Prehnite, et cetera. 

^ In Silicates of the Alkalies or Alkaline Earths, with Silicates 
of Alumina, without water ; exempli gratia^ Felspar, Albite, 
PekUitey Spodumeney Leucite, Labradorite] Scapdite ; the for- 
mula of the last is [Jgig} 2 Si 0« -H 2 (Al« 0^ Si 0«) ] ; fur- 
ther, in Elaolite [Jg.g} Si 0* + 3 (Al« 0», SiO«) ] ; Sodalite, 
Anorthite, et cetera ; 

^ In Silicates of Potassa or lithia, with Silicates of Magnesia, 
Alumina Protoxide of Iron, and Manganese, without water ; in 
MieOy which sometimes contains Fluorine ; 

^ In Silicates of Potassa or Soda, with Silicates of Magnesia, 
Alumina, and Protoxide of Iron, with and without water, in 
which the alkalies are more or less replaced by magnesia or prot- 
oxide of iron ; exempli prcMa, in Patitone, Greenrearthy Chlaritey 
and Talc; 

7 In Silicates of Lime and Magnesia with Alumina, in which 
the alkaline earths are often replaced by the protoxides of iron 
and manganese ; as in Pietacity Idiocrase ; in many yaiieties of 
Garnets; in Oehlenitey Soapstane DichroitCy and Karpholite ; the 
last sometimes contains traces of Muoriney its general formula is 
[S Fe" o } Si 0« + 3 (Al« 0», Si 0«) + 6 aq ; 

' In Silicates of Alumina and Metallic Oxides ; exempUgratiay 
in Btaurolitey from St Gothard [J^SgS} {|5!i.^] ; and AUo- 
phane, from Schneeberg, which contains Oxide of Copper. 

In Silicates containing Glucina ; for instance. Emerald and 
Beryly the formula for both of which is [32? o»} ^ Si 0«]. 
When the former is tinged green by Oxide of Chromium, it is 
the true Emerald, but when perfectly colorless and transparent, it 
is the aqua marinay which is a most yaluable gem : frirther, in 
Eucldse [gi^S^} Si 0*] ; and in Cymaphamy or Chrysoberyl [4 
Al« 0», Si 0« + 2 (Gl« 0^ 4 Al« 0») ] ; 

K 2 
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>^ In Silicates which contain YUria and Oxide of Cerimn ; as 
CerinSy AUanite, Orthitey and PyrorthUe ; 

'^ In Silicates containing Ruorides ; for example, Topciz [Al- 
0^ + 2 (2 Al 3 H) + 6 (Al« 0», Si 0«) ] ; 

>' In Polybasic Silicates, which contain small quantities of one 
or more Borates, as the various Taurmalinea [K 0, \A 0, Na 0, 
Ca 0, Mg 0, Fe 0, Mn 0, Al« 0», Si 0«, B 0«] ; and in AxinUe- 
O'SuLLiYAN has examined many of the Tourmalines, and always 
found in them more or less Manganese and lime. 

^^ In Silicates of Soda, Lime, and Magnesia, combined with 
Sulphates ; as, Lcustditey Nasin, et cetera. Alumina is also met 
with in Kiyolite, Bleigummi, Fissophane, Thonerde, Peganite, 
Striegisane, Variscite, Honeystone, Andalusite, Sillimanite, Bu- 
cholsite, Xenolite, Bamlite, Worthite, Kollyrite, Miloschine, Fhole- 
rite, Tuesite, Gilbertite, Anauxite, Kaolin, HaUoysite, Nakiite, 
Ottrelite, Gimolite, Bolus, Plinthite, Orthite, Malthadte, and 
Pyknite. 

h. In various kinds of rocks ; exempli ffratiay Fuller's EaHhy 
Common Clayy Loamy Marly Porphyryy Garnet, Mica Slate, 
Clay Slate, Alttm Slate, Sandstoney GneisSy et cetera. Clay 
Slates, et cetera, besides the usual given constituents, contain 
traces of Sulphur, Phosphoric Acid, Chlorine, and Fluorine. 

As metallic gangues are generally classed under one or the 
other of the above mentioned rocks, and as, in obtaining the ores, 
the adhering stony matrix cannot be completely separated from 
the former, therefore, it is that alumina generally forms a con- 
siderable constituent of many ores prepared in the dry way, and, 
consequently, an ingredient of the slags obtained in the smelting 
of such ores. 

Examination for AJunwna. 

a. Corundum, Sapphire, Ruby, and Diamant Spar comport 
themselves before the Blowpipe, as follows : — 

Alone, they remain perfectly unchanged, as well in a powdered 
state as in fragments. 

With borax they fuse perfectly, though with difficulty, to 
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transparent colorless glasses^ which do not become streaked with 
dull laminse. 

With microcosmic salt they fuse to a dear glass^ only when 
added to the flux in a powdered state. 

They are not attacked by soda. 

When moistened with a solution of nitrate of cobalt, and held 
in the state of a fine powder for a long time in the oxidating 
flame, they produce a beautiful blue color. 

By these reactions before the Blowpipe, alumina may be imme- 
diately recognised. 

b. Hydrate of Alumina : — 

^ IMaspore, when heated in a matrass, decrepitates yiolentiy, 
and splits into small white brilliant scales, without giving out 
much water. These scales behave themselves with fluxes like 
pure alumina. Exposed to heat in the oxidating flame, with a 
few drops of a cobalt solution, this mineral affords a beautifid 
blue hue. 

< Gibbsite, when heated in a flask, yields much water. It is 
infusible on charcoal, and behaves with fluxes like pure alumina, 
affording the special appearance with a solution of cobalt 

c, Aluminate : — 

^ Spinel and Zeylanite. The method (or the examination of 
these minerals for alumina has been already described under 
Magnesia. The precipitate obtained by means of anmionia, after 
being well affused with water, should be treated with a solution 
of potassa, and heated in the same manner as in the examination 
of silicates for alumina, — ^which will be hereafter given, the solu- 
tion diluted with water, filtered from the remaining oxides, decom- 
posed with an adequate quantity of chloride of ammonium, and 
boiled, by which the alumina is thrown down. This precipitate 
can be tested with a solution of cobalt, after being purified by 
water. 

^ Automalite — Gahnite. This mineral, when heated on char- 
coal per 86, is unalterable. With borax and microcosmic salt^ 
even when in the state of an impalpable powder, it is with difii- 
culty fiised. The resulting beads present the ferruginous tinge. 
It is not fusible with soda ; it scintillates and affords a dark slag ; 
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when this is reduced to a veiy fine powder, mixed with soda, and 
placed on charcoal in a good reducing flame, the charcoal becomes 
coated with a ring of oxide in the commencement of the operation. 
It gives no indication of manganese on a platinum foil 

With borax and carbonate of soda tc^ther, it fuses to a dear 
glass, which becomes opaque and dark green on cooling. 

A perfectly pure fragment of this mineral, firom Sweden, was 
found to consist of alumina, oxide of zinc, magneflia^ protoxide of 
iron, and silicic acid. 

The analysis was performed in the following manner : — ^About 
75 milligrammes of the fragment, very finely powdered, were 
melted into a bead, with five tunes as much of a mixture con- 
sisting of two parts of soda and three of borax, on charcoal in the 
reducing flame. The bead was kept in the inner flame, until 
all the oxide of zinc was reduced, and the metal volatilized. The 
charcoal thus became coated with a sublimate of oxide of am, 
which when moistened with a solution of nitrate of cobalt, and 
ignited in the oxidating flame, afforded on cooling a green color. 
The fused bead was removed fit)m the charcoal, placed on another 
piece of charcoal, and kept in a state of fdsion in the reducing 
flame for some time, in order to be certain that ail the oxide of 
zinc was reduced and volatilized. But as no sublimate of oxide 
of zinc formed, the melted bead was thrown on the anvil, by in- 
verting the piece of charcoal, in order to obtain it free from car- 
bonaceous particles. On cooling, it affoided a coppera&freen 
color, and remained transparent. It was then pulverized, dis- 
solved in hydrochloric acid, the solution evaporated to dryness, 
and the dry chloride dissolved in water. The aqueous solu- 
tion was filtered, when a small trace of silicic add remained 
behind on the filter, which gave with carbonate of soda the proper 
reactions. The solution was then heated with a few drops of 
nitric acid, in order to convert the protoxide of iron into the ses- 
quioxide, and a little chloride of ammonium dissolved in it to 
prevent the precipitation of magnesia by ammonia. Ammonia 
was then dropped into the solution until it was over-saturated ; 
by which a flocculent precipitate of a yellowish-white color was 
thrown down, which, on being filtered, well washed, and subse- 
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quently treated with potaasa, — as will be mentioned in the exa- 
mination of silicates for alumina, — ^proved to be oxide of iron and 
alumina. To the filtered liquid oxalate of ammonia was added, 
which produced no milkiness from the precipitation of oxalate of 
lime ; but an addition of phosphate of soda and ammonia deter- 
mined a precipitate, which, on beiijig filtered, proved before the 
Blowpipe to be basic phosphate of ammonia and magnesia. 

^ Flombgomme. This mineral gives the following reactions 
before the Blowpipe, from which its constituents can be readily 
determined. 

Heated alone in a flask, it gives oS aqueous vapors, and some- 
times decrepitates with violence. 

On charcoal it loses its transparency, becomes white, swells up 
like a ISeolite, and semifoses under a high temp^tatnre, without, 
however, being rendered fluid. 

With borax and microcosmic salt, it fuses into a colorless 
transparent glass. The microcosmic bead beoames, with a certain 
addition of the assay, opaque on cooling. 

It does not fuse with soda; small lead globules, however, 
appear on all sides when the experiment is made on charcoal 
It gives a beautiful pure blue color with a solution of cobalt 

d. Fluoride of Sodium with Fluoride of Aluminum ; as Cryo- 
lite, from Greenland : — 

Heated alone in the matrass, it affords some water, and decre- 
pitates without losing its transparency. 

Held with the platinum forceps in the apex of the blue flame, 
it colors the exterior flame a strong yellow, from soda. 

Blown upon in an open tube, — ^the flame being conducted into 
the tube, — ^it strongly attacks the glass, and the moisture which 
collects reacts like hydrofluoric add. It readily fuses on charc6al 
to a clear bead, which becomes turbid on cooling. After long 
exposure to the flame, the bead spreads, the fluoride of sodium 
is absorbed by the support, and an aluminous crust remains on 
the surfiaice. 

It readily fuses, even in laige quantities, to a dear glass, with 
borax and microcosmic salt, which on cooling becomes milk-^^te. 
According to Bebzeuus, the bead with microcosmic salt, treated 
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in the reducmg flame, should BometiineB become somewhat red on 
oooling, from its containing a trace of copper. 

It fiises with carbonate of soda to a dear glass, which expands 
and becomes milk-white on cooling. 

A small quantity of the powdered mineral, moistened with a 
solution of nitrate of cobalt, fuses in the oxidating flame, on 
charcoal, to a blue bead. 

0, Combinations of Alumina with Sulphuric Acid ; as Potassa 
and Ammonia-Alum, Aluminite, and Alumnstone : — 

If the first two salts be heated in a glass flask, they tumefy 
and give off water ; by stronger heat the Potassa-Alum gives off 
sulphurous add, and sulphate of ammonia sublimes from the 
Ammonia-Alum, which is for the most part dissolved in water ; 
sulphurous add is also given off in this case. The residual diy 
mass firom both salts gives, with a solution of nitrate of cobalt, 
a blight blue color, and behaves with fluxes like alumina. Alu- 
minite yields at first much water, and as it approaches ignition 
eliminates sulphurous add, wbidi may be known by its smell, 
and by its reaction with moistened litmus paper. 

It behaves with fluxes, and with solution of cobalt, exactly as 
alumina. 

Alum-stone at first yields water, and by stronger heat a sub- 
limate of sulphate of ammonia, which is soluble in water. The 
crystallized specimens decrepitate, affording a fine powder. 

On charcoal it contracts when exposed to a strong flame, but 
does not melt 

With microcosmic salt it is easily mdted, leaving behind a 
skeleton of silicic add. 

/ Combinations of Alumina with Phosphoric Add : — 

In these combinatiojis, to which Wavellite, Lazulite, and Am- 
blygonite belong, alumina is readily distinguished by the behavior 
of these minerals to fluxes, and particularly to a solution of nitrate 
of cobalt, with which they produce a be^utilul blue. It is re- 
quired, however, to fii\d the other constituents, namely, the lime 
in Wavellite, and the magnesia in Lazulita These minerala, as 
they are not easily soluble in hydrochloric acid, must be first 
fused to a glass, with equal parts of borax and soda, on charcoal 
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in the oxidating flame : this ^ass Bhould then be pnlyerized, dis- 
golved in hydrochloric add, the protoxide of iron oonverted by 
means of nitric acid into sesquioxide ; the solution, — as it con- 
tains phosphoric acid,— diluted with alcohol, and the lime preci- 
pitated by dilate sulphuric add, the sesquioxide of iron and alu- 
mina by ammonia, and the magnesia by phosphate of soda and 
ammonia. Alumina sometimes falls with the sesquioxide of iron, 
as phosphate of alumina ; it can, in this case, be separated from 
sesquioxide of iron by means of potassa, and predpitated from 
the warm diluted solution by chloride of ammonium, as will be 
immediately mentioned in the case of silicates and Tarieties of 
rocks. The silidc add in Lazulite is detected by treating with 
hydrochloric acid the specimen melted with soda and borax ; the 
phosphoric add in both minerals, as well as the fluorine, and the 
protoxide of manganese in WayeUite, are detected by special ex- 
periments, which are given in different parts of this book, for 
these minerals ; and the protoxide of iron in Wavellite and Lazu- 
lite may be detected by treating them with borax, and also in the 
precipitate obtained by ammonia. 

g. Silicates and Bocks : — 

The alumina contained in silicates, and in the different kinds 
of rocks to which the picked ores and slags belong, cannot be 
well detected, except in a few of its combinations, by its behavior 
to vitreous fluxes and solution of nitrate of cobalt In most cases 
it is necessary to employ the method which is given under Baryta 
and Lime. 

The precipitate thus obtained by ammonia, which usually con- 
sists of alumina and sesquioxide of iron, and also very slight 
traces of magnesia, or protoxide of manganese, must, when the 
substance under investigation contains much of these bodies, be 
well washed on the filter, and heated with potassa while still 
moist in a porcelain basin, until the whole of the alumina is dis- 
solved out, and the oxide of iron appears in the solution in a 
finely divided state, of a reddish-brown color, pure or mixed with 
slight traces of predpitated magnesia, or protoxide of manganese, 
which, in a qualitative examination, may be entirely overlooked. 
The alkaline solution of the alumina is then to be diluted with 
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water, filtered from the oxide of iron, mixed with an excess of 
hydrochloric acid, and slightly boiled, in order to reprecipitate 
the alumina ; or it may be supersaturated with hydrochloric acid, 
and the alumina precipitated by a solution of carbonate of am- 
monia. The precipitated alumina, after being filtered and well 
washed, can be tested with solution of cobalt before the Blowpipe. 
If the substance contains no iron, the precipitate by ammonia 
appears perfectly white, and need not in this case be treated with 
potassa, but tested immediately with solution of cobalt. 

Silicates containing glucina, yttria, and oxide of cerium, in 
which it is intended to seek for these substances at the same 
time, should be treated according to the methods which will be 
given for the examination of Oludna, Yttria^ and Oxide of 
Cerium. 

§ 10. GLUCINA— 01* (y-^Pregenee in the Mineral Kingdom. 

Glucina is not firequently found in nature ; it occurs only in 
silicious combinations, — ^it is found in Gadolinite, Leucophane, 
Fhenakite, — ^which are the following : — 

a. Silicate of Alumina and Glucina, as the JEmerald, the 
Beryl — Eudase. 

b. Basic Silicate of Alumina, with Alumina-Glucina ; as Cymth 
phane and Chrysoberyl ; and 

c. The Bisilicates of Glucina and Sesquioxide of Iron, with 
Sesquisilicate of Protoxides, and Oxy-sulphide of Manganese ; as 
Helmne [3 (MnS, Mn 0) + 8 Mn 0, 2 Si 0« + 61« 0», 2 Si 0« 
+ Fe« 0', 2 Si 0«], firom Schwanenberg, in Saxony. 

Examination for Glueina. 

These glucinous minerals are so constituted, that the presence 
of glucina cannot be ascertained with certainty by their behavior 
to vitreous fluxes, because both alumina and silica, and the me- 
tallic oxides present in them, completely hinder the proper reac- 
tion of glucina, which, even when free from them, is not very 
striking. The metallic oxides, such as oxide of iron, oxide of 
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chromiuin, protoxide of manganese, and oxide of tin, — ^which last 
forms a constituent of the emerald, found in granular fragments 
at Broddbo and Fmbo, — are easily detected, the first two by the 
colors which they produce with borax and microcosmic salt, the 
third by soda on platinum foil, and the last by reduction with soda. 

The presence of gludna in metals is best ascertained in the 
moist way, as, for exam|4e, by the following method : — 

Ptot of the mineral, very finely powdered, must be fiised on 
charcoal, with a mixture of one and a half parts of soda and one 
of borax, in the reducing flame ; pulverized, dissolved in hydro- 
chloric acid, evaporated to dryness ; the dry mass redissolved in 
water, the solution separated from the insoluble silica by filtra- 
tion, and heated with a few drops of nitric acid, in order to con- 
vert the protoxide of iron into the sesquioxide, if it should happen 
to contain any. Ammonia is then to be added to the solution, 
until everything is precipitated. The precipitate is to be well 
washed, and heated with a solution of potassa. If it consists of 
alumina, glucina, sesquioxide of iron, oxide of chromium, and 
protoxide of manganese, the two earths will be dissolved out, 
while the metallic oxides remain undissolved and may be 
easily recognised, after being filtered, before the Blowpipe. The 
alkaline solution of alumina and glucina must be decomposed, 
either by boiling it moderately with chloride of ammonium, or by 
hydrochloric add and ammonia, as has been already mentioned 
in speaking of the examination of silicates for alumina ; the pre- 
cipitated earths are filtered from the liquid, and dissolved in a 
little hydrochloric acid and carbonate of ammonia, until a volu-* 
minous precipitate, which consists of alumina and glucina, is pro^ 
duced. As glucina is soluble in carbonate of ammonia, an excess 
of this reagent should be added, by which the precipitate dimi- 
nishes, and the glucina redissolves. The mass should then be 
filtered, and the filtrate boiled ; during the ebullition the am- 
monia is expelled, and the glucina falls down in the state of a 
carbonate, which, after being separated by filtration, can be tested 
before the Blowpipe. It should show the reaction given in Table I. 
The alumina can also be tested before the Blowpipe with a solu** 
tion of cobalt 
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The presence of sulphur is detected in Helvine, as well as in 
the solution, in hydrochloric add, of tiie mineral melted with 
soda and borax, by itfi evolying sulphide of hydrogen, which is 
readily distinguished by its smell, as also by a special ezamini^ 
tion for sulphur. 

§11. YTTRIA—Y O-'PreieiM in the Mineral Kimgdam. 

This earth occurs but seldom, though it is found in many dif- 
ferent states of combination, as for example : — 

a. As Diphosphate of Yttria, in Tttria-Fhosphate or Phosphate 
ofYttria[3Y0, P0«]; 

b. As a combination of Fluoride of Gakdum, with Fluoride of 
Yttrium, and Fluoride of Cerium, in variable proportions, in 
Yttro-Cerite [Ca Fl + Y Fl + Ce H] ; 

€. As Titanate of Yttria, with Titanate of Ziroonia, the Prot- 
oxides of Cerium, Manganese, and Iron, Lime, and other bases, 
in Polymignite, from Fredrikswam ; 

d. As Tribasic Tantalate of Yttria and Lime, with a percepti- 
ble quantity of Tribasic Tungstate of the Protoxide of Lx)n, in 
the Black YUra-Tcmtalitey fit)m Finbo, Ytterby, and Eanurfvet ; 
as Tribasic Columbate of Yttria and Lime, mixed with a little 
Tungstate of the Protoxide of Iron, in the Dark YUnhTantaUts 
from Ytterby ; and as Tribasic Columbate of Yttria and Oxide 
of Uranium, in YeUoto Yttro-Tantalite, from Ytterby and 
Finbo,[3YO{Sgi]; 

0. In Silicious combinations : — 

^ As Tribasic Silicate of Yttria, with Sexbasic Silicate of 
Cerium and Protoxide of Iron, in Gadolinitey from Ytterby, 

Fmbo, Mid Broddbo, [SSS.'SSJil.'flS.'I'SS)] 5 

^ In a Silicious combination of Protoxide of Cerium, Alumina, 
Lime, Yttria, Protoxides of Iron, and Manganese, with chemically 
combined water, in Orthite ; and, 

' In a Silicious combination of Protoxide of Cerium, Yttria, 
Protoxide of Manganese, Alumina, and Lime, which at the same 
time contains carbon and water, in the Pyrorthite, It is also 
found in Fergusonite, Euxenite, Aeschynite, Pyrochlore, Polykras, 
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Yttrotitanite. Mobandeb found Terbia and Erbia in various 
Yttrious minerals. 



Examination for Yttria. 

a. The phosphate of yttria can be easily recognised by its 
behavior before the Blowpipe, from its giving a regulus of phos- 
phide of iron with boradc add and iron, as will be subsequently 
mentioned under the head Phosphoric Acid, and by its being 
with difficulty dissolved by microcosmic salt. 

But if it is required to detect with accuracy the presence of 
yttria itself, the assistance of the moist way must be had recourse 
to, and the following method pursued. 

The mineral, in the state of a very fine powder, is first to be 
mixed with four times its weight of carbonate of soda^ and the 
mixture fiised in a platinum spoon, in the flame of the spirit 
lamp, until it ceases to efiervesce. The fased mass, together with 
the spoon, should then be placed in some water, in a small porce- 
lain vessel, and heated to the boiling point over the flame of the 
spirit lamp. The phosphate of soda formed, and the excess of 
carbonate of soda employed, are dissolved by the water, while the 
yttria, with some oxide of iron, which was contained in the 
mineral as basic phosphate of iron, remains behind undissolved. 
The residue separated from the fluid by filtration, is then edulco- 
rated. Phosphoric acid may be detected in a small portion of 
the fluid, by the method which will be given under this acid. 

The edulcorated residue of yttria and sesquioxide of iron must 
be dissolved while still moist, in a little hydrochloric add, the 
solution diluted with water, one or two small spoonfuls of pul- 
verized tartaric add added, and the vessel allowed to stand in the 
heat until the acid is completely dissolved. According to Boss, 
tartaric add possesses the property of preventing the predpitation 
by alkalies, in any solutions of metallic oxides and earths ; and 
to these yttria and oxide of iron belong. The solution is then 
saturated with ammonia, and sulphide of ammonium added till it 
ceases to throw down a black predpitate. The iron is thus 
separated as a sulphide, while the yttria remains unchanged in 
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the aolntion. If the supernatant liquid appears only yellow, 
when the precipitate has sunk completely to the bottom, it should 
be filtered ; but if green, the whole should be first allowed to 
digest in a very gentle heat until it becomes yellow. The sulphide 
of iron, after its separation by filtration, may be roasted on charcoal, 
and the resulting black or magnetic oxide, treated with borax. 
The filtered solution should be evaporated to dryness, and the 
dry mass ignited in a platinum spoon over the spirit lamp, until 
all the charcoal of the tartaric acid is consumed, and the yttria 
appears on cooling perfectly white. The dried mass should be 
placed in the spoon by degrees, as, during the decomposition of 
the acid, a portion of the yttria may be lost, by being projected 
out of the recipient. 

The yttria obtained in this operation should behave itself before 
the Blowpipe in the manner described in Table I. 

Sesquioxide of iron may be separated in another way from 
yttria, by employing the subsequent method. Bather more 
than the necessaiy quantity of carbonate of baryta should be 
gradually added to a cold solution of yttria and sesquioxide 
of iron, in hydrochloric acid, and the fluid stirred with a glass 
rod, so long as carbonic acid gas is evolved ; the sesquioxide of 
iron is precipitated, while the yttria remains in the solution. The 
supernatant liquid is then separated from the precipitate by fil- 
tration, the baryta thrown down by dilute sulphuric add, and the 
yttria by potassa or ammonia. 

b. Tttro-cerite is readily recognized before the Blowpipe, bat 
its yttria cannot be detected by this means alone. 

The Tttro-cerite firom Finbo, when heated in a flask, yields 
some water, which has an empyreumatic color. The dark colored 
variety loses its color by this treatment, and becomes white. 

It is infusible when heated on charcoal per se ; with gypsum 
it fuses to a bead, which does not become clear, however, at any 
temperature. 

It readily fuses with borax and microcosmic salt to a trans- 
parent yellow glass, which is colorless when cold, but at a certain 
point of saturation translucent 

With soda, unless too much be used, it melts on charcoal to a 
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clear glass, which upon cooling, and also when the blast is di- 
rected on it for a long time, becomes turbid ; a larger addition of 
soda oonyerts it into a difficultly fdsible enamel, which remains 
on the charcoal while the excess of soda is absorbed 

The Yttro-cerite from Broddbo decrepitates but slightly when 
heated in a flasL It is infusible on charcoal, but on heating it 
becomes first milk-white, then brick-red, but, however, always 
unequally colored. It does not fuse with gypsum. 

It behaves to borax and microcosmic salt in a nearly similar 
manner to oxide of cerium, as it contains a large quantity of 
fluoride of cerium mixed with it 

It is acted upon by soda, tumefies a little, but is not dissolved. 
The greater part of the soda is absorbed by the charcoal, leaving 
a grey scoria behind. 

If it be required to separate the yttria from Yttro-cerite, it 
must be done in the moist way, according to the following 
method ; the finely powdered mineral is to be dissolved in hydro- 
chloric acid, heated to ebuUition, the solution evaporated nearly 
to dryness, diluted with water, and filtered in case any undis- 
solved particles are observed. From this diluted solution, alu- 
mina, yttria, and protoxide of cerium may be precipitated by an 
excess of anmionia ; the whole should then be warmed, and the 
precipitate separated by filtration. Lime is precipitated from the 
filtrate by oxalate of ammonia. The precipitate obtained by 
ammonia should be edulcorated with hot water, until the water 
which percolates through the filter is no longer rendered turbid 
by oxalate of ammonia, and digested at a moderate heat while 
still moist with caustic potassa, in order to separate the alumina 
fit)m the yttria and protoxide of cerium. When the digestion is 
complete, the alkaline solution is to be diluted with water, and 
filtered. The alumina may be separated from the filtered solution 
slightly heated, by the necessary quantity of chloride of am- 
monium, or by ammonia from the solution, rendered acid by 
hydrochloric acid. In both cases, the precipitate after filtration 
must be well edulcorated, and then tested with a cobalt solution. 
The undissolved yttria and protoxide of cerium is to be weU 
washed with hot water, dissolved in hydrochloric acid, and the 
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solution dilated with water. A crust of ctystallized sulphate of 
potassa must then be placed on the surface of the liquid, and the 
whole allowed to stand about twenty-four hours. During this 
time the solution will become saturated with sulphate of potassa, 
with which the yttria and protoxide of cerium will combine, fonn- 
ing double salts ; of which the one formed with yttria is soluble 
in a saturated solution of sulphate of potassa, while that formed 
with protoxide of cerium, on the other hand, is insoluble, and 
CeJIs to the bottom as a white amorphous powder. After the 
lapse of the above mentioned time, the remaining crust is re- 
moved, the precipitate separated by filtration, and edulcorated 
with a saturated solution of sulphate of potassa. After the edul- 
coiation, it is to be dissolved in boiling water, the protoxide of 
cerium precipitated from the still warm solution by potassa, fil- 
tered, the precipitate edulcorated, and ignited in the platinum 
spoon. During the ignition it is converted into sesquioxide, and 
becomes of a cinnamon brown color. The yttria which remains 
in solution is also to be thrown down finom the warm solution by 
potassa, filtered, and ignited in the platinum spoon« It must 
possess a white color after the ignition ; if it becomes brown, it 
contains sesquioxide of iron, which can be separated after the 
earth has been dissolved in hydrochloric acid, by the method 
already given for phosphate of yttria. A separate examination is 
required for the detection of hydrofluoric add, which will be sub- 
sequentiy given. 

c. Polymignite, — ^ihe name of which is derived from *«\vs 
much, and fuyyota, I mix, — according to Bebzkijus, behaves in 
the following manner. 

Heated in a bulb tube, it yields no water ; it is infusible on 
charcoal, and does not change its color or brilliancy. Borax 
readily dissolves it to an iron colored glass, which, by a larger 
addition, acquires the property of becoming streaked with turbid 
lines, by which it generally appears of a brownish-yellaw color. 
From a larger addition, it becomes turbid per se, on cooling ; 
with tin the bead becomes of a red color, passing into yellow. 

It is diflicultiy dissolved by microcosmic salt, the glass assum- 
ing a reddish color in the oxidating flame, which is not altered 
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on the addition of tin. It is decomposed by soda^ becoming 
greyish-red, but does not fuse ; it gives the same reaction as 
manganese on platinum foil. 

In order to separate the yttria, the moist way must be had re- • 
course to, as in tiie case of the first two minerals. The method 
of procedure is as follows : — ^The finely powdered mineral is to be 
fused with fix)m six to eight times its weight of bisulphate of 
potassa, in a.platinum spoon, and the fused mass digested with a 
sufficient quantity of water, until the whole is dissolved out of the 
spoon ; the sulphates of the protoxides of iron, cerium, and man- 
ganese, of yttria, lime, and magnesia, are dissolved, while the 
titanic add, in combination with ziroonia, and a part of the prot- 
oxide of iron, remains behind ; the whole must then be kept for 
some time at a moderate ebullition, and filtered. The protoxide 
of cerium may be separated firom the solution by a piece of sul- 
phate of potassa, in the manner ahready described under Tttro- 
cerite. To the solution, firom which the double salt has been 
separated by filtration, a few drops of nitric acid are to be added, 
in order to convert the protoxide of iron into the sesquioxide ; a 
little chloride of ammonium should also be added, to prevent the 
precipitation of protoxide of manganese and magnesia, if it should 
contain them, and the yttria and sesquioxide of iron thrown down 
with ammonia. Lime is separated firom the filtered solution, by 
oxalate of ammonia ; and magnesia and protoxide of manganese, 
by microcosmic salt The precipitate obtained by ammonia must 
be dissolved in hydrochloric acid, and the sesquioxide of iron 
separated firom the yttria, by the method already given for the 
decomposition of phosphate of yttria. 

d. The following has been found to be the behavior of Yttro- 
tantalite before the Blowpipe : — ^Heated per «^, in a bulb tube, 
it gives off water, and, if previously black, becomes yellow. 
Some specimens become mottled with dark spots, which remain 
unchanged in the heat ; they become white on ignition, while 
the upper part of the glass is attacked. The water eliminated 
first colors bradl-wood paper yellow, and then bleaches it 

Borax dissolves it to an almost colorless glass, which, by a 
larger addition, becomes turbid on cooling. 
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It IB at fiiBt decompoeed by microcosmic salt, the tantalic acid 
remainiog luidissolyed as a white skeleton, which fuses, however, 
in a strong blast The black variety of Tttro-tantalite, firom 
Ttterby, produces a glass which becomes of a light rose color by 
a strong reducing flame, on cooling, derived firom the presence of 
tungsten. The dark and yellow varieties firom Ttterby, become, 
on cooling, of a slight but beautifdl green color, firom the presence 
of uranium. The Tttro-tantalite, from Finbo and Eararfret, gives 
a strong ferroginous tint, which becomes darker when the test for 
oxide of uranium is employed. 

It is decomposed without solution by soda. It exhibits on 
platinum foil the presence of manganese. Traces of tin are 
obtained by reducing with soda and borax ; the Finbo variety> 
however, contains so much iron that the tin cannot be re* 



The preparation of.yttria firom Tttro-tantalite is attended with 
much difficulty. The separation can only be performed in the 
moist way, and safest when more than 100 milligrammes of the 
mineral are employed, for which lai^er vessels are required than 
the Blowpipe operator can conveniently carry about with him. 

e, Silicious combinations : — 

* Qadolinite, firom Ttterby, Finbo, and Broddbo ; — 

Bebzelius gives the following account of their behavior before 
the Blowpipe. These Gadolinites are of two varieties, one of 
which, a, is of such a vitreous nature that it appears like black 
glass ; the other, p, on the contrary, has a splintery firacture, and 
not so conchoidal ; the former contains no gludna, but it is very 
probable that the latter has some per cents. 

Variety a, per se, in a bulb tube, undergoes no change, and 
gives oflF no water ; if it be heated nearly to the point of fiision, 
it appears to glow for an instant, as if it had caught fire ; it 
tumefies a little, and if the firagment be large, fissores appear 
here and there in it, and the color assumes a light greyish-green ; 
no volatile matter is, however, given o£f. The same phenomena 
take place on charcoal ; it does not fiise, but in a strong heat it 
becomes black on the edges. 

Variety P, per se^ swells out into dendritic ramifications, and 
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becomes white, at the same time giving off moisture. The above 
mentioned luminous appearance is very rarely observed. In all 
other points both behave alike to fluxes. 

It is readily dissolved by borax, forming an intense ferruginous- 
colored glass, which becomes of a deep bottle-green in the re- 
ducing flame. 

It is difficultly dissolved by microcosmic salt. The glass 
assumes a ferruginous color, and the fragment employed becomes 
rounded on the edges, but it remains white and opaque, so that 
the silicic acid cannot be separated from the phosphoric acid ; by 
this it is principally distinguished from the Eararfvet variety. 
Soda dissolves it to a reddish-brown semifused scoria. The 
variety p melts into a bead with soda, when too large a quantity 
of the flux is not employed None of them exhibit the slightest 
trace of manganese on platinum foil 

The moist way must be had recourse, to, in order to sepa- 
rate yttria from Gadolinite. The method of procedure is as 
follows : — 

The finely powdered mineral is to be fiised to a bead, with an 
equal bulk of carbonate of soda and borax, on charcoal, in the 
oxidating flame ; the bead pulverized, the powder dissolved in 
hydrochloric acid, the solution evaporated to dryness, the dry 
mass dissolved and filtered from the insoluble sUicic acid. A few 
drops of nitric acid are then to be added to the solution, and the 
whole heated, in order to convert the protoxide of iron into the 
sesquioxide, and the yttria^ protoxide of cerium, sesquioxide of 
iron, and gludna, when present, thrown down by ammonia. Lime 
may be precipitated firom the supernatant liquid, when present, 
by oxalate of ammonia. The precipitate by ammonia, after 
edulooration with hot water, must be treated in the heat while 
still moist, with a solution of caustic potassa, in order to separate 
any glucina present ; the alkaline solution should then be diluted 
with water, and the glucina separated from it by chloride of 
ammonium, in the way ahready given under the head Olucina. 
The residue, after edulcoration, is then to be dissolved while still 
moist, in a small quantity of hydrochloric acid, and the protoxide 
of cerium separated by sulphate of potassa, by the method given 

L 2 
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for the decompoaition of Yttro-cerite. The sesquiozide of iron 
and the yttria are precipitated bj a solution of potassa ; the pre- 
cipitate, after edulcoration, diflsolved in hydrochloric acid, and 
both constituents separated by the method given for the analysis 
of Phosphate of Yttria. 

' Orthite, and Fyrorthite, contain only firom three to four per 
cent of yttria ; it cannot be separated in a pure state from these 
minerals in the dry way, and only by the moist way when a large 
quantity — ba 100 milligrammes — ia employed. 

The behavior of both these minerals before the Blowpipe is as 
follows : — 

Orthite, from Finbo and Gottliebsgang, as well as that from 
Granit, near Stockholm, and Soderkoping : — 

Per j^, in a bulb tube, it yields water, and at a high tempersr 
ture assumes a light color. It tumefies and becomes yellowish- 
brown on charcoal, and at length fiises, under ebullition, to a 
black blebby glass. 

It is easily dissolved by borax ; the glass becomes blood-red in 
the reducing flame when hot, and yellow on cooling. In the 
reducing flame it becomes of a ferruginous green. 

It is decomposed, with the usual appearances, by microcosmic 
salt 

With soda it tumefies ; with a very small quantity it fuses, 
but with a large quantity it intumesces to a greyish-yellow 
recrement. On platinum foil it shows the presence of man- 
ganese. 

Pyrorthite firom Eararfvet : — 

Per sej in a bulb tube, it at first gives ofi* a laige quantity of 
water, which towards the end becomes yellow, and has an empy- 
reumatic odor, the mineral becoming coal black. Moderately 
heated on charcoal, and then ignited at a single point, it b^ins 
to become luminous, and afterwards, of itself, continues to glow 
without flame or smoke. If a number of small firagments be laid 
together, or a small heap of coarse powder be taken, the combus- 
tion proceeds better ; by a moderate heat it is also increased. 
When the combustion is ended, the assay is white, or greyish- 
white ; with difierent pieces this is not always the same, and 
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sometimes it even passes into red The fragments are now so 
light, that thej cannot he kept on the charcoal in the hlast. 
field in the forceps, they fiise with difficulty on the surface to a 
black dull bead. 

With borax it fiises readily to a glass, which behaves sinnlarly 
to the borax glass of Orthite. 

It is with difficulty dissolved by microcosmic salt. The porous 
fragment remains on the sur&ce of the bead, so long as the mass 
is molten, but on cooling it is absorbed ; but if the bead be 
again heated, it comes to the sur&ce as before. 

Its comportment with soda is similar to lihat of Orthite. 



§ 12. ZIRCONIA'-T^ (y-'Presenee in the Mineral Kingdom. 

This earth is found in combination with Silicic and Titanic 
Acids, namely : — 

a. As Silicate of SSrconia, in the Zircon and Hyousinth [Zr^ 0', 
SiO«]; 

6. In a combination of Sesquibasic Silicates of Soda and 
Lime, with Silicates of the Sesquioxide of Iron, Manganese, 
and Zirconia, also Chloride of Sodium, in Eudyalite [Na Gl 

, r«C« 0,9SI0«I I (Zr|03, 8I0«-| . 
T \3 Na O, 2 Si 0^1 T { Pe« O*. Si O'J 9 

c. In a combination of the Titanates of Zirconia, Yttria, Prot- 
oxides of Cerium, Manganese, and Iron, Lime, and other bases, in 
Polymignite, also in Oerstedtite, Polykras,^ cetera^ 

Zirconia occurs also with Tantalic Add in Wohlerite, Fjrro- 
chlore, Fergusonite. 



Examnadan for Zirconia. 

Zirconia cannot be detected by the aid of the Blowpipe alone, 
either in those minerals where it forms only a secondary con- 
stituent, or even in those where it forms the primary ingredient ; 
but the minerals themselves may be immediately reco^uzed by 
their behavior before it. 
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a. The Zircon and Hyacinth from Ceylon, Finbo, FredrikswSrn, 
and Ezpailly, behave themsdves, as und^ : — 

Pm" 90^ the colorless transparent varieties remam unchanged. 
The dear red Hyacinth loses its color, and becomes eitiier 
perfectly limpid, or very slightly yellow. The opalestio brown 
from FrediikswSm loses its color, and becomes white, similar to 
fractured glass. The daric variety from Finbo gives off a little 
moisture, becomes milk white, and appears soopifonn. None 
of them can be fused, either in the state of powder or in 
splinters. 

Zircon is frised with difficulty to a clear glass by borax, which, 
at a certain saturation, becomes streaked with turbid lines, and 
from a still greater quantity, becomes translucent on cooling. 

Zircon remains intact with microcosmic salt ; a fragment sub- 
jected to its action retains the sharpness of its edges, and when 
Zircon powder is employed, it is so little changed that it cannot 
be determined whether it was attacked or not. 

The glass remains perfectly colorless or milk white when the 
powder is added to it, as well in the oxidating as in the reducing 
flame. 

It is not fused with carbonate of soda ; the soda, however, 
attacks it slightly on the edges, but it afterwards sinks into the 
charcoal Most specimens of Zircon show the presence of manga- 
nese, when treated on platinum foil 

h, Eudyalite exhibits the following behavior before the Blow- 
pipe :— 

In a bulb tube it gives off moisture ; it readily frises on char- 
coal to a greyish glass, passing into green. 

It is readily dissolved by borax, to a glass slightly colored by 
iron, which does not become turbidly streaked. 

It is easily decomposed by microcosmic salt ; the silicious 
skeleton swells up so much, that the bead generally loses its form. 
By tibis peculiarity it distinguishes itself from the garnets, to 
which it is otherwise similar. 

Soda dissolves it to a glass^ which is not very fluid ; with more 
soda, it sinks into the charcoal. It shows the presence of man- 
ganese on platinum foil. 
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The comportment of Polymignite before the Blowpipe has been 
aJready given under Yttiia — see page 144. The assistance of the 
moistwajmust be had recourse to,if it be desired to separate sdrconia 
from the Zircon, Hyacinth, or Eudyalite, with the Blowpipe, the 
method of procedure being as follows : — ^The mineral, in the state 
of a very fine powder, is first fused to a glass, for the Zircon, with 
a mixture of one and a half parts of soda, and three parts of 
borax, to one of the mineral ; and for Eudyalite, two parts of 
soda, and one and a half parts of borax, on charcoal, in the 
oxidating flame ; the glass pulverized, the powder treated with 
hydrochloric acid, and the solution evaporated to dryness, in order 
to be able to perfectly separate the silica. The evaporation 
should not be effected too rapidly, nor at too strong a heat, as in 
that case a portion of the zirconia would remain undissolved with 
the silica. The dry mass thus obtained is then to be treated 
with a sufficient quantity of water, and the silicic acid separated 
by filtration. If the mineral should happen to contain iron, as is 
the case with Eudyalite, the greater part of it will be found in the 
solution as protoxide, which should be converted into sesquioxide, 
by the addition of a few drops of nitric add. When manganese 
is present, it will also be in the solution as protoxide, and should 
be rendered incapable of precipitation by ammonia, by the addi- 
tion of a little chloride of ammonium. 

Zirconia and sesquioxide of iron should then be precipitated by 
ammonia, the whole heated to ebullition, in order that the preci- 
pitate, which is very voluminous, may collect, and thus be more 
easily filtered. If the mineral contains lime, it remains behind in 
the solution, and may be precipitated by oxalate of anmionia. 

Nothing now remains to be done, but to separate the sesqui- 
oxide of iron from the zirconia, which can be performed in two 
ways : — 

1. The precipitate is well edulcorated with boiling water, dried, 
ignited in a platinum spoon, and treated with hydrochloric add. 
The sesquioxide is by this means almost perfectly dissolved, while 
the zirconia, which after ignition is insoluble in this add, remains 
nearly pure intact. 

2. l^e precipitate, while stiU moist, is dissolved in hydroddoric 
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acid, and the oxide of iron precipitated by sulphide of ammoniuniy 
as in the method giy^ at page 141^ for the separation of oxide 
of iron and yttria. The liquid filtered from the sulphide of iron 
is to he eyaporated to dryness, and the dry mass ignited in a 
platinum spoon, over the spirit-lamp, until the whole of the 
charcoal of the tartaric acid is burned off, and the zirconia appears 
perfectly white. 

A much more simple method may be employed for the detec- 
tion of zirconia, in the Zircon or Hyacinth, as they contain no 
lime. The solution is first neutralized in a test-glass with 
potassa, and a crystal of sulphate of potassa laid in it, of such a 
size that it is sufficient to perfectiy saturate the solution, and the 
whole warmed. As soon as a portion of the crystal has dissolved, 
a double compound of sulphate of zirconia and potassa forms, 
which HeJIs to the bottom of the glass as a flooculent basic salt, 
and when a sufficient quantity of the crystal has dissolved, the 
whole of the zirconia is precipitated in this state, and can be 
obtained by filtration ; it should then be well edulcorated, and 
boiled with caustic potassa, by which it is decomposed, leaving 
pure hydrate of zirconia behind. 

Zirconia caimot be obtained, with successful results, firom even 
a quantity of 100 milligrammes of Polymignite, owing to the 
presence of titanic acid, to which zirconia is in many respects 
similar. 



§ IS. THORINA—rh Ch-PreteMe in the Mineral Kingdom. 

The density of this earth, according to Gbaham, is 9*402, and 
it is therefore superior to all others. It is found in combination 
with silicic acid, in a rare mineral, Thorite [3 Th 0, Si 0* + 
6 aq] ; which has been analyzed by Bebzeuus only. It contains 
57*91 per cent of Thorina, besides Lime, Magnesia, Oxides of 
Iron, Manganese, Uranium, Tin, Silica, Alumina, Potassa, Soda, 
and Water. 

Professor Wohleb has smce detected this earth in small 
quantily — 3 per cent. — ^in Pyrockhre^ from the Ural mountains. 
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SaiandnaHon for Thorina — or Thoria, 

Owing to the scarcity of Thorite, an opportunity has not been 
afforded of examining a specimen for Thorina before the Blowpipe. 
The following is the hmnid method given by Bebzeuus : — 

The finely powdered mineral is digested with hydrochloric acid ; 
when the whole mass, with disengagement of chlorine, becomes 
yellow and gelatinous, and must be evaporated to dryness 
in a water batL The dried mass is then to be treated with 
water, filtered, and sulphide of hydrogen passed through the 
liquid, by which some sulphides of lead and tin are thrown down. 
It is again filtered, the thorina precipitated with caustic ammonia, 
the precipitate filtered and edulcorated. It is now rendered 
impure only by the oxides of iron, manganese, and uranium. To 
tree it from these, the precipitate is to be dissolved, while still 
moist, in dilute sulphuric add, and the solution evaporated until 
vezy little of it remains. During the evaporation, a white slightly 
cohering soft mass is deposited in abundance ; this is neutral 
sulphate of thorina. It has the curious property of being very 
slightly soluble in hot, particularly so in boiling water. The acid is 
then decanted off, the white salt thrown on a filter and edulco- 
rated bom the adhering mother liquor, dried, and strongly ignited, 
by which the earth is obtained pure and white. The decanted 
acid liquor, and the water of edulcoration, as they contain more 
thorina, are then to be evaporated to a small bulk, saturated with 
carbonate of potassa, and mixed with a boiling saturated solution 
of sulphate of potassa. On cooling, the excess of sulphate of 
potassa, with a double salt of sulphate of thorina and potassa, 
which is perfectly insoluble in a saturated solution of the former 
salt, crystallize out of the liquid It is then washed with a solu- 
tion of sulphate of potassa, dissolved in warm water, and precipi- 
tated .with . ammonia. The precipitate yields, on ignition, an 
earth slightly tinged yellow by a trace of manganese, which may 
be purified by treating it as in the first method. It is obtamed 
perfectly isolated only after ignition. 
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p. Examination of Metals and theib Oxidbs. 

§ 1. CERIUM'-^Ce—LANTHANIUM^lA'^andDIDYMIUM'-D 
— Pre§eno$ in the Mineral Kingdom. 

Cerium belongs to the lare metals, and is found in the follow- 
ing minerals, nearly always in company with more or less Lan- 
thanium and Didymium : — 

a. With Fluorine, in neutral Fluoride of Cerium firom Broddbo, 
Ce Fl mixed with Ce' Fl^ besides Yttria and Water ; in basic 
Fluoride of Cerium firom Finbo [C^ Fl« + 8 Ce* 0^ H 0] ; in 
Fluoride of Cerium fix)m Rytterhyttan [ (Ce« Fl« + 3 H 0) + 
Ce« 0«, H ] ; in Fluoride of Cerium with Fluoride of 
Yttrium from Finbo, Ce Fl, T Fl, mixed with Silicic Add ; in 
Yttro-Cerite with Yttria and lime ; 

b. In combination with Phosphoric Acid, in Cryptdite 3 Ce 0, 
P 0* together with a little oxide of Iron ; in Monazitoid with 
Lanthanium, Lime, and Water ; in Monazite witli a mixture of 
Lime, Magnesia, and Binoxide of Tin ; 

e. As Protoxide with Carbonic Acid, in Carbonate of Cerium 
[Ce 0, C 0*] ; in Farisite with Lanthanium, Didymium, Lime, 
et cetera y 

d» As Protoxide in Titanic Acid combinations, namely, with 
Lime, Thorina, Protoxides of Uranium, Iron, and Manganese, in 
Pyrochlore ; and with Ziiconia, Yttria, lime. Protoxides of Man- 
ganese and Iron, and other bases, in Polymiffnite; 

e. As Protoxide, in Silicious combinations, namely : — Singly, 
in Cerite [8 Ce 0, Si 0« + 3 aq] ; with Protoxide of Iron, lime, 
and Alumina, in Cerine and Alkmite; with Yttria a&d Prot- 
oxide of Iron, in Gadolinite ; with Protoxide of Iron, Yttria, 
Lime, Protoxide of Manganese, and Water, in Orthite ; and with 
Yttria, Protoxides of Iron and Manganese, Alumina, lime, to- 
gether with a little Carbon and Water, in Pyrorthite. It is also 
found in Aeschynite, Fergusonite, Euxenite, Polykras, Bodenite> 
Tschewkinite, Mosandrite, and Tritomite. 
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JSasafttUuUion for Cerium, Lanthaniunif and Didytnium. 

In minerals, in which no other coloring matter, or at most only 
traces of such exist, besides protoxide of cerium, as in Fluoride of 
Cerium, Tttro-Cerite, Carbonate of Cerium, and Cerite, the cerium 
is readily detected with fluxes. Red or dark yellow beads are 
obtained with borax and microcosmic salt in the oxidating flame, 
according as a large or small quantity has been dissolved, and 
the mineral contains a laige or a small proportion of protoxide of 
cerium ; these beads, on cooling, and also when subjected to the 
reducing flame, lose their color to such a degree, that the bead of 
microcosmic salt becomes perfectly colorless. If the mineral 
contains a slight trace of iron, the borax bead becomes greenish 
in the reducing flame. 

Protoxide of cerium cannot be recognized in this way, in such 
minerals as contain at the same time protoxide of iron, uranium, 
or titanic add, as, for instance, I^rrochlore, Polymignite, Cerine, 
Allanite, Gadolinite, Orthite, and Pyrorthite. The operator suc- 
ceeds better with such minerals, by melting them in a finely pow- 
dered state, with from six to eight times their bulk of bisulphate 
of potassa, dissolving the frised mass in a large quantity of water, 
and boiling the solution for some time, in order to precipitate 
titanic acid, if the mineral contains any. If the substance con- 
tains a large quantity of titanic add, and at the same time zir- 
conia, and protoxide of iron, the titanic acid, with the zirconia, 
and a part of the protoxide of iron, remain behind. If the pre- 
dpitation of the titanic add takes place, it is to be separated by 
filtration, and the protoxide of cerium thrown down firom the fil- 
tered solution, in the manner described at page 144 ; or, in a far 
shorter way, as follows : — 

First, the fluid is boiled for a short time in a test tube ; if it 
remains dear, the whole of the titanic add has been separated ; 
when this is the case, a crystal of sulphate of potassa^ rather 
more than suffident to saturate the liquid, must be sui^nded in 
it, and the whole heated anew. If the solution contains {Hx>t- 
oxide of cerium, it falls of a white color, as a double salt of sul- 
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phate of potafisa and cerium, as soon as the solntion becomes 
saturated with the sulphate of potassa. This occurs even when 
the quantity of cerium present is exceedingly small, the solution 
at first being only slightly turbid, but subsequently, on allowing 
the vessel to stand undisturbed for some time, the undissolved 
portion of the sulphate of potassa becomes covered with a white 
light friable powder. K the mineral contains zirconia, without 
titanic acid, it will be thrown down along with the cerium double 
salt, as basic sulphate of zirconia and potassa, unless, in the com- 
mencement, care be taken to remove it from the aqueous solution 
of the fused mass. Thorina, in case it is present, will also be 
thrown down with the cerium. When lime is present in the 
mineral, a portion of it is dissolved in the treatment of the fused 
mass with water, as sulphate of lime, and is also separated by the 
sulphate of potassa. The resulting precipitate should therefore, 
after separation by filtration, be well edulcorated, and tested for 
cerium with borax ; the double salt is by this means decomposed, 
the sulphuric acid and potassa separate as sulphate of potassa, 
and flow down the platinum wire, if the end with the loop be 
held higher than the other. The borax bead remains dear, pro- 
vided it is not saturated, and by it a very small trace of oxide of 
cerium may be recognized, by the color given at page 90, Table 11. 

Before the Blowpipe the oxide of lanthanium behaves in the 
following maimer : — ^It does not fuse with soda, which is absorbed 
by the charcoal, leaving the oidde behind as a dirty white mass. 
Borax dissolves it in considerable quantity. The bead is perfectly 
colorless, both while hot and after cooling, and it is only when it 
has been saturated to excess with oxide of lanthanium that the 
bead appears on cooling of a light rose color, which is rendered 
perceptible by holding it against a white ground ;. flaming will 
not cause its opacity. 

When the bead appears, while hot, of a yellow color, it is a 
sign that the oxide of lanthanium still contains oxide of cerium, 
in which case it may also be rendered opaque by flaming. Its 
behavior with microcosmic salt is as with borax. 

In the year 1839, Mosandeb found that the oxide of cerium, 
which up to that time was supposed to contain only one metal, was 
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mixed with aaother, which he called Lanthaniiun, a name derived 
from the Greek word synonymous with fyinff concealed. In an- 
other research upon the oxide of cerium in 1842, he found that 
there was a third oxide in the compound, and he called the metal 
of this oxide Didymium, from the Greek meaning twins. 

For separating the oxide of cerium from the oxide of lantha* 
nium, MofiANDBR has given two methods. According to one, the 
heated oxides are treated with dilute nitric add, containing one 
part of acid to fifty parts of water, by which the oxide of lan- 
thanium is dissolved, leaving the oxide of cerium nearly pure. 
By the other method, the mixed oxides are to be dissolved in 
hydrochloric acid, and potassa in excess added to the solution, 
which throws down the hydrated oxides ; this precipitate is fil- 
tered off, suspended in caustic potassa in an appropriate flask or 
beaker, and chlorine gas transmitted through die menstruum, by 
which means the oxide of lanthanium is dissolved, while the oxide 
of cerium remains in the form of a heavy yellow or yellowish-red 
powder. If the whole of the oxide of cerium be not separated by 
this treatment, the operation of adding hydrochloric acid, followed 
by precipitation with caustic potassa, and the transmission of 
chlorine through the liquor holding the precipitate in suspension, 
must be repeated as above till the whole is removed. 

Impure oxide of cerium is dissolved by sulphuric acid diluted 
with its weight of water ; the solution is then mixed with fifty 
parts of pure water, and the liquid made to boil. During ebulli- 
tion the solution becomes opaque, and deposits a sulphur-yellow 
precipitate which is perfectly pure basic sulphate of cerium. All 
the oxide of lanthanium which was mixed with the oxide of 
cerium, remains in the solution, which also contains a laige quan- 
tity of the latter element To obtain the last portions of the 
oxide of cerium, caustic soda is added to the acid liquor, and the 
precipitate which it occasions filtered off, washed, and dissolved 
in nitric acid, the solution evaporated, and the residuary salt 
ignited, after which the oxide of lanthanium is dissolved out by. 
nitric acid. The residual oxide of cerium is then tr^ted with 
sulphuric acid, and the solution diluted and boiled as above, 
when a precipitate of basic sulphate of cerium fiEhlls. 
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According to Schbkbb, tiie oxide of cerium may be entirely 
freed from the last traces of the oxidflB of lanthaninm and didy- 
mimn, by dissolying in hydrochloric acid, lieutreliring very cau- 
tiously with ammonia, adding acetate of ammania, and then 
oxalate of the same alkali ; the resulting oxalate of the oxide of 
cerium collected upon a double filt», washed, dried, ignited, and 
again treated with very weak nitric acid, yields pure oxide of 
cerium. 

The oxide of didymium is the cause of the brown color of the 
oxide of cerium, and the reddish appearance is due to the oxide 
of lanthanium. Pure oxide of cerium is citron-yellow ; that of 
lanthanium, white ; and that of didymium, brownish-yellow. 

MosANBBR found that the compounds of didymium were in 
many respects analogous to those of manganesium : the oxide is 
brown, the sulphate of the oxide amethystine : its oxide gives a 
brown color to oxide of cerium, and a red tinge to the salts of 
yttna. 

In many of the forementioned minerals in which, besides oxide 
of cerium there are oxides of lanthanium and didymium, and no 
other colored oxides to any appreciable extent, exempli gratia, in 
fluoride of cerium, in phosphatic and carbonated combinations, 
and in Cerite, the presence of the oxides under consideration, is 
easily detected. In the oxidating flame with borax or microooe- 
mic salt these minerals afford a red or dark-yellow bead, accord- 
ing to the quantity of the assay which may be dissolved in the 
glass, but the beads with the latter reagent become colorless in 
the cold, or under the influence of the reducing flame, while the 
borax bead under the same circumstances becomes streaked or 
enamelled, according to the amount of silicic add in the mineral 

Herbiann states that he could not detect the least trace of 
didymium in his researches on Cerite. 

L. BoNAPABTE had been occupied for some time in the chemical 
investigation of several metallic valerianates, and especially those 
of cerium, when he became aware of Mosanber's discovery of 
didymium. He had succeeded in finding in a concentrated solu- 
tion of valerianic acid a most excellent means of separating the 
binoxide of cerium in a pure state from the binoxide of didymium. 
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Valerianic acid possesses a singular and unexpected affinity for 
binoxide of cerium, and occasions an abundant precipitate in a 
neutral and concentrated solution of the mixed nitrates of the 
binoxides of didymium and cerium. The yellowish-white preci- 
pitate consists entirely of the valerianate of the binoxide of 
cerium, and to obtain the pure binoxide it only requires a 
thorough washing and calcination at a strong red heat in contact 
with the atmosphere. This oxide is of a very pale yellow color, 
like that described by Mobander, who, however, expressly states 
that he had hitherto not been able to find any absolute means of 
separation for the oxides of cerium, lanthanium, and didymium. 

The oxide of didymium remains dissolved in the acid liquid, 
from which the valerianate of the binoxide of cerium has been 
precipitated. A portion of the cerium, however, remains mixed 
with the didymium, for the valerianates of these two metals are 
slightly soluble in water, and still more so in acid liquids, espe- 
cially that of didymium, which is far more soluble in weak acids 
than that of cerium. It is possible, however, by means of valeri- 
anic acid, to obtain the oxide of didymium in a state of purity, 
although with much more difficulty than that of cerium. 

Bonaparte further states that, to obtain the pure valerianate 
of the binoxide of cerium from the mixed nitrates of the binoxides 
of cerium and didymium, it is necessary to throw down this salt 
by an aqueous and concentrated solution of valerianic acid ; if a 
soluble valerianate were employed, the didymium, which is very 
slightly soluble in the state of valerianate in neutral solutions, 
would likewise be precipitated. The easy preparation of the 
binoxide of cerium in a pure state is owing, therefore, to the great 
solubility of valerianate of didymium in acid liquids, and to the 
less solubility of that of the binoxide of cerium under similar 
circumstances. 

In minerals which contain oxides of uranium and iron, titanic 
acid, et cetera, the presence of oxides of cerium, lanthanium, and 
didymium are not easily recognized by the Blowpipe. When the 
least doubt arises, the best way is to have recourse to the humid 
method, and to treat the oxides thus obtained with the special 
fluxes. 
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MANGANESE. 



§ 2. MANGANESE— Vinr^Preienee of tkii Metal in ths Mineral 
Kingdom, and in ths Scoria fnum Smelting Works. 

Manganese occurs in nature : — 

a. As a Sulphide, in Mangai^Blende [Mn S] ; 

6. As an Oxide, alone, as well as in oombination witb other 
Metallic Oxides ; exempli ffratia, per $e in Grey Oxide of Man-^ 
ganeee [Mn O"] ; as a Hydrate, in Blads Wad [Ba 0, Mn< 0^ 
H 0] and [Mn« 0», H + 2 (Fe« 0», H 0) ], 

A sample of the latter, analyzed by Wackenbodbb, gave, — 



Sesqniozide of Manganese 






32-73 


Peroxide of Lead 




12-33 


Protoxide of Lead 








8-0 


Sesqtdoxide of Iron 








9-33 


Oxide of Copper 








4-0 


Oxide of Cerium 








0-33 


Silicib Add 








0-13 


QoartE . 








2-60 


Water . 








31-33 



100-78 

With Oxide of Cobalt and Water, in Black Earthy Cobalt 
[Go 0, Mn^ 0^ + 3 aq] ; — according to Dobebbineb's analysis, 
the formula is [Go* 0*, Mn* 0* + S aq] — and with Sesquioxide 
of Iron, Protoxide of Iron, and Oxide of Zinc, in FrankUnite — 

Dodecahedral Iron Ord,— |^"o| JJ'S^] ; or, according to Ko- 

BBLL, [2 Zn 0, 3 Mn 0«+ 5 (Fe 0, Fe« 0«)] ; 

^. As a Protoxide, in a Phosphoric Acid oombination contain- 
ing Protoxide of Iron and a small quantity of Lime ; exempli 
gratia, TripUte—Phoephate of Manganeee and /iwt— [4 Mn 
0, P 0* + 4 Fe 0, P 0«] ; 

d. As Protoxide, with Tungstic Add and Tungstate of Iron^ 
in Wolfram [Mn 0, W O' + 3 (Fe 0, W 0«) ] ; 
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0. As Protoxide, with Tftntalic Acid, Protoxide of Iron, Oxide 
of Tin, Tungstic Acid, and lime, in yaiious Tantalites ; 

/ In an oxidized state, in Silicic Acid compounds ; per se, in 
Eed SUiciferam Oxide of Mangcmese [3 Mn 0, Si 0^] ; further, 
with Protoxide of Iron, Alumina, and Water, in Umber ; with 
Protoxide of Iron, Protochloride of Iron and Water, et cetera, in 
Pyrosmalite [Fe« Cl» + Fe^ 0^ 6 H 0] or [4 (3 Pe 0, 2 Si 0« 
+ 3 Mn 0, 2 Si 0*) ] ; with Alumina, Lime, and sometimes 

3 ci o f Si 0* + AP 0', 

3Mno) 

Si 0*] ; with Protoxide of Iron, Alumina, and Water, in Chlor- 
opal ; and also as an extremely small ingredient of numerous 
other Silicates. 

Manganese is very seldom met with in the metallic state, in 
the scoiise or recrements from the smelting process. It is gene- 
rally in combination with oxygen, sulphur, or other metals, or 
else is taken up by the silicates which mostly compose the slags. 
Manganese also occurs in Manganglance, Hausmanite, Braunite. 
Manganite, Psilomelan, Varvicite, Polianite, Pyrolusite, Grovoilite, 
Huraulite, Eisenapatite, Hetopozite, Triphyline, Tetraphyline, 
Manganocalcite, Tantalite — ^from Eimito, Tamela, Finbo, Brodd- 
bo, and Bodenmais — ^Tephroite, Fowlerite, Troostite, Knebelite, 
Hdvine, Karpholite. 

Examination for Manganese. 

Substances containing no other metals save manganese, give 
colored glasses with borax and microcosmic salt in the oxidating 
flame, and can be very readily recognized, when dissolved in the 
named fluxes on a platinmn wire, and the pearl treated in the 
reducing flame. After oxidation, the glasses appear amethystine, 
and by reduction colorless. The amethyst tinge is not affected 
on exposure to the oxidating flame, if a substance at the same 
time contains other coloring ingredients, but is in the reducing 
flame. If the presence of manganese is considerable, the pearl 
must be suddenly removed after reduction, because the color re- 
turns if allowed to cool gradually, owing to a higher state of oxi- 
dation ensuing. 

M 
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When the quantity of manganese is so inconsiderable that it 
affords no amethyst odor, either with borax or microcosmic salt, 
in the oxidating flame, a microoosmic ^a« must be fcnned, in 
which a sufficient quantity of the sabstaiice under examina taim 
has dissolved, and brought in contact with a crystal of nitre, as 
described with the reagents, page 52 ; by which means the assay 
despumates, and the pellicle, on cooling, assumes, in proportion 
to the quantity of manganese present, an amethystine or slightly 
rosy appearance. This procedure is not available in compound 
combinations, in which other metals or metallic oxides that like- 
wise impart a color to the borax or microcosmic glass present 
themselves ; and recourse must be had to soda, which is decidedly 
the most characteristic reagent for manganese. In a substance 
containing less than 0*1 per cent of oxide of manganese, the 
detection of this metal succeeds very readily in the following 
manner: — The substance under examination is reduced to an 
impalpable powder, mixed with from two to three times its volume 
of carbonate of soda, and the mixture melted in the oxidating 
flame on platinum foil. The oxide of manganese dissolves in the 
soda, forming a transparent green mass, which flows round the 
undissolved portion, and appears distinctly bluish-green on cooling. 
Should the quantity of manganese be less than 01 per cent, this 
green appearance is not produced with soda alone, but when two 
parts of this alkali, and one part nitre, are applied, all the man- 
ganese is converted into a higher oxide ; the soda is colored cha- 
racteristically green, even by the smallest trace of this ingredient, 
which color becomes distinct on cooling. A similar method must 
be employed for the determination of manganese in Bose Quartz. 
The fine quartz powder, with soda and nitre, is kneaded into a 
paste with water, placed in the ring of the platinum wire, and 
melted to a pearl before the oxidating flame. This pearl is, while 
hot, transparent and colorless ; on cooling, opaque ; and when 
cold, slightly, but very distinctly, green. 

If the substance consists of metallic sulphides and arsenides, it 
must be well roasted on charcoal, previous to the treatment on 
platinum wire, with soda, or soda and nitre. 

When manganese forms a constituent of a substance, contain- 
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ing at the same time, for instance, silica and oxide of cobalt, as 
in picked ores, no green is obtained with soda, but a bluish- 
colored mass, consisting of silicate of soda and dissolved oxide of 
cobalt, which perfectly destroys the reaction of manganese. But 
if the silica is preyiouly removed from the substance under exa- 
mination, the slightest trace will again be perceptible. The man- 
ner of proceeding is as follows : — If the substance to be treated 
contains metallic sulphides and arsenides, it must be roasted 
and melted to a pearl, in proportion to the quantity of silicic 
add, with an equal part of soda, and twice its volume of bora2c, 
on charcoal in the reducing flame. If arseniated metallic 
oxides are in the assay, they become reduced, and cohere, forming 
a readily fusible metallic globule. This is generally the case with 
cobalt or nickel ores, where arsenic-cobalt, arsenic-nickel, or the 
three metals, are obtained in combination. On cooling, the glass 
is separated from the reduced metallic arsenides, powdered, dis- 
solved in hydrochloric acid, and perfectly evaporated to dryness ; 
the metaUic chlorides dissolved in water, and separated from the 
silicic add by filtration ; oxide of cobalt, oxide of nickel, prot- 
oxide of iron, protoxide of manganese, et cetera, precipitated from 
the solution by potassa, in an excess of which the alumina dis- 
solves. The predpitate, separated by filtration, washed, and 
dried, is examined for manganese with soda and nitre, as already 
described. 



§ 8. ZINO—Zn — Presence in the Mineral Kingdom, and in the Scoria 
of SfneUing Furnaces, 

Zinc is found in nature : — 

a. With Sulphur, as in Zinc Blende [Zn S], which is often 
contaminated with other Sulphides ; exempli graiiay Sulphides of 
Iron, Lead, Cadmium, Silver, et cetera, 

b. In an oxidized state, with Earths, or other Metallic Oxides, 
as with Alumina, Magnesia, and Protoxide of Iron, also Alumi- 
nous Oxide of Zinc, in Autamalite or Gahnite, which is an Alu- 
minate of Zinc and of Iron. By some mineralogists it is con- 
sidered as a variety of Spinel, and as it contains twenty-five to 
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thirty per cent of the Oxide of Zinc, it has been called Zinci- 
ferous Spinely — 

= \ug o I Al* 0'] ; some varieties contain Silicic Acid, and 

traces of Manganese, Lime, Sulphur, and Cadmium ; with a 
small quantity of Iron and Manganese, in Red Oxide of Zinc — 
usually mixed with some Red Oxide of Manganese — and with a 
large proportion of Iron and Manganese, in Franklinite, or 
Zinc Oxyd^ f^errifh'e. The formula, according to Kobkll, is 

Fpt o i }}^ Qj]. This formula, supposing the Manganese to exist 
in the state of Red Oxide, can be represented as follows : — 
\zn%) xv^o^' According to Graham, Red Oxide of Man- 
ganese [Mn* 0*] is a double oxide, being a compound of single 
equivalents of Protoxide [Mn 0] and Sesquioxide of Manganese 
[Mn* 0']. It forms the mineral Hausmanite, which differs from 
Manganite in having Protoxide of Manganese in the place of 
Water. 

c. As an Oxide, with Sulphuric Acid and Water, in Sulphate 
of Zinc [Zn 0, S 0* H + 6 aq] ; 

d. As a Carbonate, in Calamine [Zn 0, C 0*] ; and with 
Carbonic Acid and Water, in Zinc Bloom [2 (Zn 0, 3 H 0) + 3 
(2 Zn 0, C 0«) ] ; and, 

e. In combination with Silicic Acid and Water, in Silicious 
Oxide of Zinc [2 (3 Zn 0, Si 0«) + 3 aq] ; Zinc is also found 
as an accompanying ingredient in many Silver, Lead, and Copper 
fiimace products ; as in the Rohstein, — ^the product of the first 
smelting of Copper Ores ; — Bleistein, — ^which is a similar pro- 
duct, obtained in the smelting of cupriferous and other Lead 
Ores, — Kupfentein, — obtained by smelting wasted Bleistein with 
the slags deposited in the Rohstein process, or with Quartzose 
Copper Ores. It contains from twenty-eight to forty per cent of 
copper, and is principally composed of the Sulphides of Copper, 
Lead, Iron, and Silver ; — Tutty, et cetera. Zinc is also met 
with in Bleiglanz, Voltzite, Rothzinkerz, Eiesehdnkerz, and Jeffer- 
sonite. 
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Examination far Zinc. 

This examination is very simple ; the substance either contain- 
ing much or little sulphide of zinc, or else this metal in an oxidized 
state, is treated with a sufficient quantity of carbonate of soda, 
upon charcoal, in the reducing flame. Metallic zinc volatilizes, 
but on coming in contact with the air is again oxidized. When a 
considerable quantity of this metal is present, the zinc flame is 
produced, and the charcoal becomes coated with flowers of zinc ; 
but if a small quantity only, the charcoal is covered with an oxide 
at a short distance from the assay, and no alteration is observed 
in the flame. 

The sublimate, which when hot is yellow, and after refrigera- 
tion white, gives, when treated in the oxidating flame with a few 
drops of cobalt solution, a beautiful characteristic green color, 
which is properly recogm'zed only on cooling. When the assay 
contains much lead, or if an operator is examining metaUic lead 
for zinc, he will find, on treating the substance in the reducing 
flame, that the oxide of zinc sublimate is not deposited so far 
from the assay as the lead one, but it may often occur that the 
lead sublimate is mixed with zinc. To determine if such has 
talLcn place, heat the sublimate with a solution of cobalt in the 
oxidating flaine ; the lead, if any is present, becomes reduced by 
the glowing charcoal, and volatilizes, while the oxide of zinc re- 
mains, and gives the characteristic green tinge. Too strong a 
blast must not be directed upon the moisture, or else the zinc will 
separate from the charcoal, and is therefore apt to be blown away. 
This can be avoided by rubbing the spot upon the charcoal where 
the sublimate generally rests, with a few drops of a cobalt solu- 
tion ; a single drop of the liquid is sufficient for ascertaining the 
presence of a very small proportion of zinc. When this metal is 
present in minute quantities only, a strong flame must be de- 
flected upon the substance, which will then become a pyrophorus, 
and if the assay contains lead or bismuth, it will volatilize. 
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§ 4; OOBALT— Co^Pr^fmce in the Mineral Kingdom, and in ike 
Scoria qf Smelting Furnaces. 

Cobalt is found in the following states : — 
a. Metallic, mixed with other metals, as with Aisenic, and 
sometimes traces of Iron, Copper, and Sulphur, in White CobaU 
[Co, 2 As], at times [Co, 3 As] ; with Arsenic, Iron, and some- 
times a little Manganese, in Tin- White CobaU [Co As + F^ 
As] ; with Selenium and Selenide of Lead, in Selenide of Lead 
and Cobalt [Co, 2 Se + 3 (Pb Se) ], ^ cetera; 
Boss's analysis of the Selenide of Lead and Cobalt : — 

Lead 63-92 

Cobalt 3-14 

Selenium 31-42 

Iron 0-46 

98-93 
ft. As a Sulphide, in CobaU-kies [2 Co, 3 S], often with traces 
of Sulphide of Iron, and Sulphide of Copper ; and with Arsenic 
and a trace of Iron, in Bright White CobaU [Co, 2 S + Co, 
2As]; 

c. As an Oxide, with Manganese and water, in variable pro- 
portions, in black, brown, and yellow Earthy CobaU ; 

d. As Oxide, with Sulphuric Add and Water, in Red Vitriol 
[3 Co 0, S 0* + 8 aq] ; Winkblbbch analyzed a compound 
which gave the following formula, — [Mg 0, S 0' -(- 3 (Co 0, 
S 0«) -I- 28 aq] ; 

e. Also in an oxidized state, with Arsenic Acid and Water, 
in CobaU Bloom [3 Co 0, As 0« + 6 aq ], and Nickelochre. 

This metal also occurs, in a small proportion, in different 
furnace products; namely, in such as are produced from ores. 
To these belong. Lead and Cobalt Speiss, the principal constituents 
of which are Nickel and Arsenic, and perhaps also many Iron, 
Lead, and Eupfer-steins, which fall with die slags, et cetera. 

Examination for Cobalt. 
Cobalt is a metal which is oxidized with great facility, and in 
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this state it imparts to the glasses of borax and microcosniic salt 
a beautiful blue color, both in the oxidating and reducing flames ; 
but simple and complex combinations cannot be treated in this 
manner. 

If) in the previously described minerals, selenide of lead and 
the selenide of lead and cobalt are excepted, this metal can be 
easily determined, if those which are combined with sulphur and 
arsenic are first roasted upon charcoal, and their fused assays 
treated with borax in the oxidating flame. The minerals and 
products containing neither manganese nor iron, give imme- 
diately a beautiful blue glass, which, if a great addition of the 
substance is present, appears black and opaque. If a large 
quantity of manganese or iron is present, the glass in the first case 
will be violet, and then green ; but if it is operated upon in the 
reducing flame, the red color of the manganese and the yellow of 
the iron disappear, the bead acquires a bottle-green tinge, and 
then becomes either pure blue fi'om cobalt, or greenish-blue from 
iron and cobalt. If copper or nickel forms a part of the mineral, 
the oxides of these metals also dissolve in the borax, and color 
the flux so intensely that the characteristic cobalt blue is not 
perceptible. K such a glass be treated sufficiently long in the 
reducing flame, these oxides are deposited in the metallic state, 
and the blue cobalt color appears, which, if iron is at the same 
time present, is mixed with a bottle-green hua 

The selenide of lead and selenides of lead and cobalt, also 
easily fusible furnace products, in which cobalt forms only a small 
constituent, are treated alone ; but the difficultly fusible furnace 
products are mixed with two or three times their volume of proof 
lead, and treated with borax on charcoal in the reducing flame, 
until the glass partakes of the color imparted to it by the readily 
oxidizable and non-volatile metals. If the glass be covered with 
the apex of the reducing flame, so as to allow a free access of 
atmospheric air, only cobalt, iron, and manganese oxidize, these 
dissolve in the flux, and a more certain determination is effected. 
In the treatment of a substance containing cobalt, iron, and man- 
ganese, the iron is converted into black oxide, giving a bottle- 
green color, and the manganese becomes protoxide, and dissolves 



168 NICKEL. 

without ooloring the flux ; therefore, the cobalt blue and bottle- 
green colors only result : the green tinge is very readily distin- 
guished from the color imparted by sesquioxide of iron, per ie in 
the reducing flame, if the quantity of cobalt be very small The 
presence of cobalt can also be recognized, if a portion of the glass, 
fr^ from metallic particles, is fused in the ring of the platinum 
wire, and the assay then treated for a short time in the oxidating 
flame. The iron in this case becomes sesquioxide, and the glass 
assumes a green color, produced by the yellow from the iron and 
the blue from the oxide of cobalt. When an exceedingly minute 
quantity of cobalt is present, the glass only partakes of the ferru- 
ginous tint, which is not affected by a small quantity of manga- 
nese, but may be destroyed if there is much present. If the 
mineral under examination contain, besides cobalt, copper, nickel, 
bismuth, zinc, iron, antimony, and arsenic, a great part of the 
zinc, antimony, arsenic, as well as a small portion of bismuth and 
lead, — which is added, — will be volatilized, and afi;er the substance 
is treated with borax, the copper and nickel remain behind 
unchanged. Should the glass, after subjection to a good reducing 
flame, present no cobalt or cobalto-femiginous color, but quite a 
foreign aspect, the assay must again be heated, and during the 
fusion a small quantity of the liquid glass removed from the 
metallic bead with the forceps, and treated for a long time upon 
another part of the charcoal with the oxidating flame; the 
reducible metallic oxides are precipitated, and the glass, upon 
refrigeration, acquires only the cobalt or cobalto-ferruginous 
tinge. 

§ 5. NICKEL — Ni — Presence in the Mineral Kingdom, and in 
the Products of Smelting Furnaces. 



Nickel occurs in nature ; 

a. Metallic, with Iron, in Native Iron; with Arsenic, in 
Arsenical Nickel — Kupfemickd — [Ni, As] ; which sometimes 
contains traces of Cobalt, Iron, Manganese, and Sulphide of Lead ; 
and with a larger proportion of Arsenic, in the Weismickel of the 
German mineralogists [Ni, 2 As] ; 
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b. In the state of a Sulphide, either per ae, or combined with 
other Sulphides, namely, in a simple combination in Sulphide of 
Nickel — Haarkies — [Ni S] ; in compound combinations with 
Antimony and Arsenic, in Antimonicd Nickel — Nickekpies- 
gUmzerz ; — ^with Arsenic and Iron, in Nickelglance [Ni, 2 S + 
Ni, 2 As] ; and as an exceedingly small constituent in Siberian 
Needle Ore ; 

c. As Oxide, with Arsenic Acid and Water, together with 
traces of Cobalt, Iron, and Sulphuric Acid, in Nickel Ochre 
[3 Ni 0, As 0* + 9 aq]. Further, Nickel also forms a consti- 
tuent of many of the products of smelting works, when the ores 
employed contain it. Nickel either concentrates itself in Boh-, 
Blei-, and Gupfer-stein, in the fusion of cupriferous Silver and 
Lead ores, or it deposits as a peculiar product in combination 
with Arsenic and other Arsenious alloys, called Lead Speiss. It 
is also found in Schwartz-kupfer, obtained &om the above 
mentioned ores, or as a principal constituent in combination with 
Arsenic, in the Cobalt-speiss, which is deposited in the preparation 
of Smalts. Nickel is likewise found in Speiss-cobalt, Lavendulan, 
Pimelite, Olivine, and Chrysolite. 

Examination for Nickel. 

This examination is not difficult, provided the substance under 
investigation does not contain a combination of different metallic 
sulphides and arsenides ; but fax more difficult and tedious when 
any complex combinations occur. The above mentioned sub- 
stances will be reviewed singly. 

Native Iron, which contains only 'a very small quantity of 
Nickel, should be treated with borax on charcoal, in the oxidating 
flame, until the glass becomes of such a deep green hue that it 
appears almost opaque on cooling, — as long as metallic iron is 
present, the iron dissolved cannot be perfectly raised to the state 
of sesquioxide ; — ^the undissolved iron should then be removed 
with the forceps from the fluid, and the latter subjected for a con- 
siderable time to the reducing flame. If the iron contains nickel, 
the latter will be dissolved as oxide with it, but will be again pre- 
cipitated in the metallic state by a perfect reducing flame, and 



170 EXAMINATION FOR NICKEL. 

may be seen with the microscope in a finely-divided state, and of 
an ahnost silver white color, on the side of the bead tinged only 
with protoxide of iron. If the quantity of nickel present is so 
small, that it cannot be recognized in the metallic state by this 
method, the experiment should be repeated in the following 
manner : — The nickeliferoas iron is to be first treated on charcoal 
with a moderately large quantity of borax, in the oxidating flame, 
until the glass is saturated ; the undissolved iron is then to be 
removed from the fluid glass, and replaced by a small piece of 
pure lead. The glass must next be subjected to a good reducing 
flame, in order to reduce the nickel so that it may form a button 
with the lead, and the whole allowed to cool. During the refrige- 
ration a part of the nickel separates and forms a pellicle, which at 
first moves about irregularly on the surface of the still fluid lead 
button, but, on the solidification of the lead, becomes fixed, and 
when perfectly cold appears greyish-white. If the quantity of 
nickel present be not extremely minute, the whole surfiBM^ of 
the button will be coated, but if the contraiy be the case, a part 
only ; if none be present, the surface of the lead will be bright on 
cooling. 

The borax glass, saturated with protoxide of iron and oxide of 
nickel, after subjecting it, with the addition of lead, to the reduc- 
ing flame, until all the oxide of nickel is redueed, can also be 
finely pulverized, and the powder treated with water in a porce- 
lam capsule over the spirit-lamp. The borax glass dissolves in the 
water, and the metallic nickel, with the protoxide of iron, remains 
behind. If the solution be then cautiously poured off, and re- 
placed by pure water, the presence of metallic nickel in the residue 
may be soon recc^nized, by dipping a magnetic bar a little below 
the surface of the water, and carefully observing if any metallic 
particles are attracted by it. 

The presence of Nickel in Arsenical Nickel — Eupfemickel, 
Sulphide of Nickel — Haarkies, Antimonial Nickel — Nickel-spies- 
glanzerz, Nickelglance, and in the Lead and Cobalt Speiss, may 
be easily detected : it is merely necessary to heat a fragment in 
a glass tube, then roast it on charcoal, and treat the roasted speci- 
men with borax in the oxidating flame, when the color of oxide of 
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nickel is obtained. If such a glass be subjected to the oxidating 
flame, the nickel will be reduced and deposited on the side of the 
bead. K the substance contains cobalt or iron, the glass becojott 
colored blue or green ; if, on the other hand^ it be free from them, 
it will be coladesB. When Uie roasted substance, which stiU 
generally contains arseniate of nickel, is fused with soda and 
borax on charcoal in the reducing flame, a white metallic button 
is obtained ; which is not, however ductile, but which is attracted 
by the magnet, and must therefore be a combination of nickel with 
arsenic, in very small proportion. The presence of nickel in these 
substances may also be recognized in the following manner : — 
The matter is fused on charcoal in the oxidating flame, until the 
greater part of the arsenic is driven off, and when antimonial 
nickel is under examination, the greater part of the antimony 
also ; the residue combines, forming slightly fuming particles. 
These grains are then treated for some time with borax in the ox* 
idating flame, in order to separate the easily oxidizable metals — 
iron and cobalt — and the whole allowed to cool. When cold, the 
grain is to be separated from the glass, and again fused on char- 
coal with borax in the oxidating flame. If the whole of the iron 
and cobalt were removed by the first treatment, the glass now ex- 
hibits the color of nickel only, but if a trace of these metals re- 
mains behind, the glass is immediately colored by their presence ; 
in this case, the treatment of the metallic particles must be per- 
formed a third time, when the proper color of oxide of nickel is 
obtained. In needle ore, as well as in cupreous iron and Bleistein, 
and in the plombiferous Eupferstein, the presence of a small trace 
of nickel may be detected in the following manner : — The sub- 
stance is to be first well roasted with carbonate of soda and borax, 
and from 50 to 100 milligrammes of proof lead fused on charcoal 
in the oxidating flame. The button of lead thus obtained con- 
tains the easily reducible metals of the roasted substance, and the 
nickel also ; this may be recognized during the refrigeration of 
the button, in the way already given under the head Native Iron. 
Nickel ochre may be recognized as oxide of nickel, by its beha- 
vior to borax and microcosmic salt ; if the glass containing the 
oxide of nickel be treated on charcoal in the reducing flame, the 
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nickel wiU be separated in the metallic state, and the glass some- 
times shows a slight cobalt tinge. Treated with soda and borax 
together, on charcoal, nickel ochre is readily reduced to an easily- 
fusible metallic button, which, on cooling, becomes white and 
brittle ; it communicates the peculiar color of nickel to the fluxes 
in the oxidating flame. 

Plombo-Nickeliferous Black Copper, which often contains a 
number of other metals, namely, arsenic, iron, zinc, antimony, and 
cobalt, when examined for nickel, must be first treated with 
boracic acid on charcoal, and the glass kept always covered with 
the reducing flame, in order that the copper and nickel may not 
be dissolved, while the other metals are partly volatilized, and 
partly taken up as oxide by the acid. When the metallic button 
has been so far refined that it b^ins to be coated with a thin in- 
crustation, which consists of oxide of nickel, the process should be 
stopped, the solid copper button removed with the forceps from 
the fluid slag, placed on the anvil, and struck once or twice with 
the hammer, in order to free it perfectly from the dross. Though 
this button is malleable, it does not possess the color of pure 
copper, but is rather white, according as the quantity of nickel 
present is large or small If it be desired to examine further into 
the presence of nickel, the button must be treated with micro- 
cosmic salt, on charcoal in the oxidating flame, and the glass 
observed, whether it becomes of a beautiful green color, and whether 
it retains this tint on cooling. This green color is derived from 
the combined greenish-blue of copper and the reddish-brown of 
nickel ; in this case the greenish-blue, resulting from a large 
quantity of copper, which alone, borax glass exhibits on cooling, 
should be observed. As nickel is more oxidizable than copper, 
this beautiful green color is obtained even when the quantity of 
nickel present is very small 

The following simple and decisive method for the detection of 
nickel, when contamed in large quantities of cobalt, has been 
arrived at by the German author : — Fuse in the oxidating flame, 
to a bead, a moderate quantity of borax, in the loop of a platinum 
wire, with sufiicient oxide of cobalt to give an opaque glass ; re- 
move the assay, and prepare cue or two similar beads, and place 
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the whole in a charcoal cavity, with a button of pure gold, weigh- 
ing from 50 to 80 miUigrammes. The operator must now treat 
in the reducing flame, imtil he is satisfied that the whole of the 
nickel is in a metaUic state ; the charcoal during the action must 
be inclined alternately backwards and forwards, so that the gold 
button may flow through the molten glass, and form an alloy with 
the reduced particles of nickel. When the golden globule solidi- 
fies, it must be extracted with a forceps, placed between paper, 
and struck with a hammer so as to detach all the adhering vitre- 
ous parts. The auriferous button, which has become more or less 
grey, from the presence of nickel, and also more frangible than 
pure gold, is now to be mixed with microcosmic salt, and heated 
for some time in the oxidating flame. If the borax glass has not 
been in the first instance oversatiurated with oxide of cobalt, a 
bead will be now obtained, which is colored only by oxide of 
nickel, and will therefore appear brownish-red while hot, and when 
cold reddish-yellow. Should portions of oxide of cobalt be also 
reduced, as the cobalt is oxidized before the nickel, either a blue 
glass, colored by oxide of cobalt, or a green one — ^if some nickel 
was also oxidized — ^will be obtained. In either case the glass 
must be separated from the button, mixed with more microcosmic 
salt, and heated in the oxidating flame until it acquires a tinge. 
If the borax glass had not been oversaturated at the commence- 
ment, the color now obtained will proceed from nickel, although 
the oxide of cobalt contains a trace only ; but if oxide of nickel be 
not present, the microcosmic bead remains perfectly colorless. The 
auriferous button, which still contains nickel, after treatment with 
microcosmic salt, can be obtained again in a pure state, by smelting 
the alloy on charcoal, with a quantity of pure lead, and then 
cupelling. 

§ 6. IBON—Fe — Presence in the Mineral Kingdom, and in the 
Products of Smelting Furnaces, 

Iron occurs very abundantly in nature, thus : — 
a. Metallic, as Native Irony which contams some per centage 
of Nickel ; 

h. In a state of Sulphide, as well per ^^ as in combination with 
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odier Sulphides and Anenides of metab ; namely, per se in 
MagneUe Iran Pyrites [Fe, 2 S + 6 (Fe, S) ] ; in Common 
PyriUs [Fe, 2 S] ; with Arsenical Iron, in Arsenical Iron \J^\ 
2 S + {5} 2 As] ; with Sulphide of Copper, in Copper Pyrites 
[Cu S + 2 Fe S] ; and Purple Copper [3 Cu S + Fe« S^ ; 
with Sulphide of Antimony, in Hardingerite [3 Fe S + 2 Sb* 
S*] ; with Sulphide of Antimony, Sulphide of Silver, Sulphide of 
Copper, and Sulphide of Zinc, in WeissgiUigerz and GraugiUi- 
gerz ; with the same Sulphides and an admixture of Sulphide of 
Arf^xm/m Grey Copper \\Zl\ {5??} + 2 (4Cu,S) [2'?] ; 
with Sulphide of Copper and Sulphide of Arsenic, in Tennantite ; 
and with Sulphide of Copper, Sulphide of Arsenic, a little 
Sulphide of Silver, and Sulphide of Antimony, in the Copper 
Blende; 

c. As Protoxide or Sesquioxide^ as well per se as combined 
with Metallic Oxides and Water ; namely, as pure Oxide, in 
SpectdoT Iron [Fe* 0'] — Bed Ironstone^ Bloodstone; — as Oxide, 
combined with Water, and often with small quantities of Oxide of 
Manganese and Silicic Acid, in Brown Iron Ore and Bog Iron 
Ore [2 Fe* 0* + 3 H 0], which last contains some Silicic and 
Phosphoric Acids; as Oxide, contaminated with earthy sub- 
stances, in Argillaceous Iron Stone — Thoneisenstein ; — as Black 
Oxide, with a very small admixture of Magnesia, in OxidukUed 
Iron Ore [Fe + Fe* 0'] ; as Oxide, with Oxide of Chromium, 

Alumina, and Magnesia, in Ckromate of Iron [£^o} + {▲? o*] > 
as Sesquioxide, with Oxide of Zinc, and Protoxide of Manganese, 
in FrankUnite or Bodecahedral Iron Ore; and as Protoxide, 
with Oxide of Zinc, Alumina, Magnesia, and a veiy little Silicic 
Acid, in Automolite ; 

d. As Protoxide, with Titanic Add, in various degrees of satu- 
ration in Titaniferous Owidulated Iron, Crichtonite, Menacca- 
nite, Nigrin, Iserine, Ilmenite, et cetera; 

e. As Protoxide, with Tungstic Acid and Tungstate of IVot- 
oxide of Manganese, in Wol/ram ; 

/ As Sesquioxide, with Arsenic Acid and Water, in Skorodite ; 
as Black Oxide, with Arsenic Acid and Water, in Arseniate of 
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Irm^-4M$ Or€^t Pe 0, As 0« + 3 Fe« 0^ 2 As 0* + 

18 aq ] ; as Sesquioxide, with Arsenic Acid and Water, in Pitchy 
Iran Ore [2 Fe« 0^ As 0* + 12 H 0] ; 

g. As Protoxide, with Carbonic Acid, and often with Car- 
bonate of Protoxide of Manganese, with traces of Lime, Mag- 
nesia, and Water, in Spathose Iron, the general formula 
of which may be expressed by the following symbol — 



MgOJ 



A. As Protoxide, with Sulphuric Acid and Water, in Natite 
Green Vitriol [Fe 0, S 0* + 6 aq ] ; as Oxide, with Sulphuric 
Acid and Water, in VitrioUoker [2 Fe« 0* S 0* + 6 aq ] ; 

f . As Protoxide, with Phosphoric Acid and Water, in Phogphate 
of Iron [8 Fe 0, 3 P 0« + 16 aq ] or [3 Fe 0, P 0« + 6 aq] ; 
as Protoxide, with Phosphoric Acid, and Phosphate of Protoidde 
of Manganese, with an admixture of Phosphate of Lime, in 
Triplite ; as Oxide, with Phosphoric Acid and Water, in Grunei- 
senstein; and as Oxide, with Phosphoric Add, Phosphate of 
Alumina, small quantities of Silicic and Hydrofluoric Acids, Lime, 
and Water, in Kakozene ; 

h. In the oxidized state, with Silicic and Silicious combinations ; 
namely, as Protoxide, in Hidngerite^ Sideroschisolite, and Chloro- 
phasite ; — ^Berzeuus considers these three Silicates as simple, in 
which the intermingled substances are to be looked upon as extra- 
neous ; — as Protoxide, with Silicate of Protoxide of Manganese, Pro- 
tochloride of Iron and Water, in Pyrosmalite ; as Protoxide, with 
Water and a little Alumina, in Chamointe ; as Protoxide, with 
lime, Protoxide of Manganese, and Sesquioxide of Iron, in 
Lievrite [2{5g;g;g|gl( + 2 Fe« 0^ Si 0«] ; as Protoxide, with 
Soda, Water, and a little Lime, in KrokydoUte ; as Sesquioxide, 
with Water, and a little Protoxide of Manganese and Alumina, in 
Chloropal; as Sesquioxide or Protoxide, with Protoxide of Man- 
ganese, and generally with a little Alumina, Lime, and Magnesia, 
in many Ga/mets ; as Sesquioxide, with a little Peroxide of Man- 
ganese, and lime, in Achmite; as Protoxide, with Magnesia, and 
sometimes with tiie Oxides of Nickel and Manganese, in Chryso- 
lite and OUmne; as Protoxide, with Protoxide of Cerium and 
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Tttria, in Oadclinite ; and as a seoondaty confitituent in a num- 
ber of other Silicates. Iron is met with in Eyrosite, Stembeigite 
Cronstedtite, Humboldtite, Arsenioderite, Wmfelerz, Symplesite, 
Tantalite, Thuringite, Fayalite, Stilpnomelan, Pinguite, Knebelite, 
Nontronite, Anthosiderite, Eisengranate, Rhodalite, Triphyline, 
Tetraphyline, Vivianite, Delvauxite, Eisenapatite, Hetepoate, 
Huraulite and Fibrofenite. 

It also occurs in many furnace products, from Silver, Lead, 
Copper, and Tin ores, and in most slags, either as a principal or 
secondary ingredient. It would be superfluous to allude further 
to these products, as a part of the iron contained in the ores to be 
smelted, and the raw products which are to undergo further opera- 
tions, is generally so long retained by them, that its presence can 
be detected even in Black Copper and Tin. 

Examination for Iron. 

The test for Iron is, that the sesquiozide, as well as the prot- 
oxide, communicates a peculiar color to borax and microcosmic 
salt, and that the iron is with difficulty separated from both these 
fluxes in a metallic state only. The operator should consider 
whether he has to do with metallic alloys alone, or combihations 
of metal with arsenic, or with oxides. If the substance under exa- 
mination be of pure metallic alloys, composed of difficultly fusi- 
ble metals, it should be fiised with borax on charcoal, in the oxi- 
dating flame, until the operator is certain that, besides other 
metallic oxides, protoxide or se^qidoxide of iron has been dis- 
solved also. If the compounds, however, contain much lead, tin, 
bismuth, antimony, or zmc, and readily fuse, the reducing flame 
should be employed ; the flame should be principally directed on 
the glass, in order that too much of the latter metals may not be 
oxidized and dissolved. In both cases the glass, while still soft, 
is either removed from the metallic particle, and treated on any 
other part of the charcoal, in the reducing flame, — ^where the 
easily reducible metals will be separated, and the borax glass 
appear colored of a bottle-green, from the black oxide of iron, 
provided only oxide of cobalt prevents the reaction, — or it is im- 
mediately treated, together with the particles of alloy, in a pure 
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strong reducing flame, when the reducible metals which may 
happen to be dissolved are also precipitated in the metallic state, 
and again combine with the remainder of the alloy. If the alloy 
contain much tin, or if the bottle-green glass be treated on 
another part of the charcoal, with a particle of tin, for a few mo- 
ments, in the reducing flame, the iron will be perfectly reduced to 
the state of protoxide, and the glass, on cooling, will be of a pure 
vitriol-green color. 

If the borax e2diibit8 a blue color, instead of the proper vitriol- 
green of protoxide of iron, oxide of cobalt is present, which 
destroys the iron tint. In this case the glass must be again 
softened in the reducing flame, the greater part of it removed 
from the charcoal with the forceps, but without taking any of the 
metal with it, and fused in the loop of the platinum wire. If the 
color is now so deep that the glass is almost opaque, it must be 
flattened with the forceps while still soft, a part of it struck on 
the anvil, and the portion still adhering diluted with more borax. 
The first thing then to be done, is to fuse the glass in the oxidat- 
ing flame, until the protoxide of iron present is converted into the 
sesquioxide, and the glass is colored, while warm, of a brownish- 
red or yellow. If the glass contains only a slight trace of sesqui- 
oxide of iron, it appears green while hot, and pure blue when cold. 
If the quantify of iron be somewhat considerable, the glass will be 
dark green while hot, and when cold, of a beautiful green, 
because sesquioxide of iron, when not in excess, communicates to 
borax glass a yellow color when cold. 

The combination of metals with sulphur and arsenic can be 
examined for iron in two ways. According to the first method, 
the specimen should be roasted on charcoal ; small portions are 
then to be gradually dissolved in borax, on the platinum wire in 
the oxidating flame, and the glass examined while hot and when 
cold, in order to see if it displays any color. The proper iron 
tint is obtained immediately, with many of these compounds, 
which contain only metals whose oxides do not produce very 
intense colors ; with many others, it is not however obtained, as, 
for example, those which contain copper, but on the contrary a 
green color results, which becomes lighter during tiie refrigeration, 

N 
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and when cold, possesses a color composed of the jellow of oxide 
of iron, and the blue of oxide of copper. In this case the glass 
must be shaken from the platinum wire — see page 67, — and 
treated on charcoal in the reducing flame until the copper sepa- 
rates, and the glass exhibits the peculiar bottle-green tint of black 
oxide of iron, if oxide of cobalt is not present at the same time. 
The bottle-green glass can also be treated with tin, in order to 
recognise the yitriol-green color of iron. The second method is as 
follows : — ^The pulyerized substance is mixed with proof lead and 
borax, and the whole fiised on charcoal in the reducing flame, 
until the borax glass is colored bj the difficultly reducible metals 
present In the commencement, the mixture should be covered 
with the reducing flame ; but as soon as the borax has run to a 
globule, the flame should be directed only on the latter, and free 
access of air allowed to the fused metal. 

Compounds which readily fuse on charcoal, per <0, can be 
treated without proof lead. An exceedingly small quantify of 
iron may in this way be detected in many Lead-Glances, particu- 
larly when the glass is treated with tin. If the borax exhibits a 
blue instead of a green color, the glass must be further treated in 
the manner mentioned above for the metallic compounds. 

In the compounds of oxide of iron with other metals, or 
with earths and adds, the iron is also best detected by fusion 
with borax. 

Such compounds as may be supposed to contain neither oxides 
of copper, nickel, chromium, nor uranium, should be dissolved 
with borax on the platinum wire, in the oxidating flame, and the 
colored bead examined while hot, and also during the refrigera- 
tion ; if it exhibits the color of iron, or of iron and cobalt 
together, which has been already noticed, the examination is 
complete ; but if it presents another color, as violet passing into 
red, the glass must be treated for some time longer in the reducing 
flame, by which the violet which is derived from manganese dis- 
appears, and the bottie-green color of black oxide of iron remains. 
If such a substance contains much manganese, the glass treated 
in the oxidating flame will be a perfect dark red while hot, and 
red when cold. In this case it is not possible to convert the 
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inaiigaDese into protoxide on the platinnm wife, it should there- 
fore be removed from the wire to charcoal, and treated with tin, 
when the color of the manganese disappears, and the vitriol-green 
color of the protoxide alone remains, if oxide of cobalt is not 
present. 

If a substance contains cobalt also, besides iron and oxide of 
manganese, the glass tareated with the oxidating flame appears 
more or less of a dark violet color, which becomes, when held 
for a short time in the reducing flame, green while hot, and blue 
when cold ; for example, this is the case with brown earthy 
cobalt, which really consists of oxide of cobalt and hydrate of 
oxide of manganese, but which is contaminated with oxide of 
iron. In a combination of much oxide of manganese, and oxide 
of cobalt, with very little oxide of iron, the last may be readily 
detected by fasing the substance with bisulphate of potassa, 
dissolving the resulting mass in water, adding a few spoonfuls of 
chloride of anmionium to the solution, warming the whole, and, 
when the salt is liquefied, precipitating the oxide of iron by 
anmionia. If the iron exists in the substance as protoxide, a 
few drops of nitric acid should be added to the sulphuric acid 
solution, and the whole warmed, in order to convert the protoxide 
into the sesquioxide. The oxide of iron can then be filtered 
firom the solution, edulcorated, and tested with borax on the 
platinum wire. K the mineral under examination contains 
oxide of copper or nickel, it is always better to dissolve it with 
borax on charcoal, in the oxidating flame, then treat it in 
the reducing flame, in order to separate the copper and nickel 
in the metallic state, and thus obtain the proper ferruginous 
tint alone. If a blue glass is obtained, it must be re-oxidized 
on the platinum wire, in the way already mentioned. When 
such a substance contains oxide of chromium, a green glass is 
obtained with borax, which shows the presence of chromium 
only. In such cases, the substance must either be mixed with 
three parts of saltpetre and one of borax, this mixture gradually 
fused in the loop of the platinum wire, the diromate of potassa 
thus formed dissolved in water, and the residue, after edulcoration 
with water, dissolved with borax on a platinum wire, when the 
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proper color of iron will be obtained, provided no other colored 
oxide be present, and all the oxide of chromium removed ; or the 
iron can be reduced by carbonate of soda on charcoal, and the 
metal obtained bj rubbing the glass in a mortar, and separating 
the nonmetallic parts. If the substance contains uranium, the 
ferruginous color will also be obtained, but it will not proceed 
from the iron alone, but partly from uranium, which yields al- 
most the same color as iron. To obtain the proper color of iron, 
the substance should be melted with bisulphate of potassa, the 
fused mass dissolyed in water, the protoxides of iron and uranium 
present converted into sesquioxides, by heating the solution with 
a few drops of nitric acid, and an excess of carbonate of ammonia 
added. The oxide of uranium, which is at first precipitated 
along with the oxide of iron.;^ redissolves, so that the latter can 
be obtained by filtration, and, after washing well with water, 
may be tested with borax. When the ammoniacal solution' is 
boiled, the oxide of uranium falls as a yellow powder, and can 
also be tested before the Blowpipe, being easily recognized with 
microcosmic salt. 

If the substance contains tungstic or titanic acids, the proper 
color of oxide of iron is obtained with borax and microcosmic 
salt, in the oxidating flame, as both these acids yield only a slight 
yellow color ; in the reducing flame, on the other hand, the 
microcosmic salt glass becomes, during the refrigeration, more or 
less of a blood-red colon 

The following method for distinguishing protoxide of iron from 
the sesquioxide, is given by Chapman, in the Chemical Gazette : — 

A very minute quantity of oxide of copper is to be dissolved 
in a bead of borax on the platinum wire until the glass acquires 
a slight coloration ; the substance under examination now being 
added to it, the whole is subjected, for an instant only, to the 
reducing flame, when if protoxide of iron was present in the 
assay-matter, the oxide of copper will be reduced to suboxide, 
forming small red spots or streaks which become visible as the 
glass cools. The oxide of iron is converted into sesquioxide at 
the e2q)ense of the oxygen of the copper. 

In the above experiment, if the glass were exposed for too long 
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a time, the oxide of copper might be reduced even if the substance 
under examination contained onlj sesquioxide of iron, as this 
would be converted by the flame into protoxide, and thus act, as 
before stated, on the oxide of copper ; and if, furthermore, this 
latter substance were contained in too large a quantity in the 
borax glass, it might become reduced by the sole action of the 
flame, and thus give rise to an error. To obviate, therefore, all 
doubt as to the presence or absence of protoxide of iron, the same 
authority proposes that the operation should be conducted in a 
difiierent manner, which gives certain results. 

The borax bead must be colored by a sufficient quantify of 
oxide of copper to render it of a fine blue color, but transparent 
when cold. To this the substance under examination in powder 
must be added, and the bead exposed for a moment, or until the 
iron compound begins to dissolve, in the oxidating flame. If ses- 
quioxide of iron alone be present, the glass will remain trans- 
parent^ and of a green or bluish-green color ; but if, on tiie con-, 
trary, the iron is in the state of protoxide, the glass on cooling 
will be marked with opaque-red patches, due to the reduction of 
oxide of copper into suboxide, as before explained. Care must be 
taken not to continue the blast too long, otherwise the suboxide 
of copper might agam be oxidized, and the whole of the prot- 
oxide of iron converted into sesquioxide. After one or two tiials, 
however, no error can possibly arise. The reactions are not pre- 
v^ted by the presence of silicic or other acids. 

§ 7. OAI)MIUM--^d— Presence in the Mineral Kingdom. 

Cadmium occurs only in Zinc Ores, thus : — 

a. As Sulphide, in many Zinc^lendes ; for example, in Green- 
ockite, and in the Splendent fibrims Blende, from Przibram, and, 

b. As Oxide, in combination with Carbonic Add, in Silicious 
Oxide of Zinc or GcUmei, 

The quantify present does not, however, exceed from one to 
four per cent, either in the Blendes or in the Galmel 

Examination for Cadmium. 
This metal can only be recognized as oxide before the Blow- 
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pipe, owing to its Tolatility. The cadmiferons mineial should be 
heated for some time in a polyerized state, on ohaiooal, in the 
reducing flame, by which the metallic cadminm is volatiliEed, and, 
in contact with the air, is immediately reK)xidiKed. The greatest 
part of this oxide deposits on the charcoal, and, when perfectly 
cold, may be recognized by its reddish-brown color ; in a thin 
crost^ howeyer, it appears only yellow. When the quantity cl 
cadminm present is not more than one per cent, it is generally 
difficult to obtain a sublimate of oxide of cadmium in this way ; 
but if the powdered mineral be mixed with carbonate of soda, and 
this mixture treated for a few moments on charcoal, in the re- 
ducing flame, a very evident sublimate of oxide of cadmium is 
obtained. If the blast be continued too long, a part of the line, 
will also be volatilized, and will likewise deposit as oxide on the 
charcoal. The oxide of cadmium is, however, always deposited 
farther from the assay than the zmc, and may be very easily dis* 
tinguished. 

§ 8. LEAD — Pb — Presence in the Mineral Kingdom, and tn Umpm- 
duets of Smelting Fumacee. 

Lead is pretty generally distributed in nature. It is found : — ' 

a. Metallic, in combination with other metals, exempli gratia^ 
with Tellurium, in Black TeUurium — Pyramidai Tellurium 
Glance — [Pb Te] mechanically mixed with Sulphides of Lead 
and Gold ; with Tellurium, Gold, and Silver, in Yelloto Tel- * 
lurium [Ag Te + 2 (Pb, Te) + 3 (2 Au, 3 Te) ] ; with Sele- 
nium, in Selenide of Lead, which often contains a trace of Cobalt ; 
with Selenium and Copper, in Selenide of Lead and Copper [Pb 
Se + Cu Se], and Selenide of Copper and Lead [2 (Pb Se) + 
Cu Se] ; and with Selenium and Mercury, in Selenide of Lead 
and Mercwry [Pb Se mixed with Hg Se] ; 

b. As Sulphide alone, and in combination with other metallic 
sulphides, namely : per se in Lead Glance [Pb S] ; with Anti- 
mony and traces of Iron, Zinc, and Copper, in Jamesonite — Axo- 
tomous Antimony Glance— [2 (Pb S, Sb 3 S) + Pb S] ; with 
Antimony and Copper, in Boumonite [3 (Cu S) + Sb 3 S + 2 
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(3 Fb 3 S + Sb 3 8) ] ; irith Bismuth, and a little iKm and 
Copper, in P1umb(h(kipriferous Sulpkide of Bismuth ; with 
Antimony and a amall quantity of Copper, in Zinkenite [Fb 8 
+ Sb 3 8] ; and with Bismuth, Copper, and a veiy small quan- 
tity of Tellurium and Nickel, in Siberian Needle Ore [Cu 8, Bi 
8 + 2 (Pb 8, Bi 8) ] ; 

e. In combination with Chlorine ; as in Chloride if Lea/i-^ 
Catfinnite, firom Vesuvius — [Pb CI] ; and the Basic Chloride ^ 
Lead [Fb C1 + 2 Pb 0], from the Mendip hills of Someisetshire ; 

d. In an oxidized state, with Alumina and Water, in PUmh- 
gomme— Hydrous AhminaU ofLeadr-^Pb 0, 2 AI< 0^4- 6 aq] ; 
and, 

0. As an Oxide, with Adds, partly alone^ and partly combined 
with other Metallic 8alts, exempli gratia^ 

1 With Carbonic Acid, in White Lead 0re—Weis9bleiers^ 
[Fb 0, C 02] ; and in Black Lead Ore—Sdwarzbleierz,—^ 
the same composition, only containing a small proportion of free 
Carbon ; also in Earthy Carbonate of Lead — Bleierde, — ^which 
is mixed with Alumina, 8ilica, and Sesquioxide of Iron ; 

* With Sulphuric Add, and about two per cent of Water, in 
Native Sulphate of Lead [Pb 0, 8 0«] ; 

' With Arsenic or Phosphoric Acid, and Chloride of Lead, in 
Br(nm and Green Arsenical Lead Ores [Pb CI + 3 (3 Fb 0, 
AsO^]; 

* With Chromic Add, in Prismatio Lead Spar — Chromate of 
Lead — [Pb 0, Cr 0'] ; with Chromic Add and Chromate of 
Copper, in Vauquelinite — ffemi-Priematic Olive Malachite — 
[3 Cu 0, 2 Cr 0» + 2 (3 Fb 0, 2 Cr 0») ] ; 

^ With Molybdic Add, in Mdybdate of Lead — Gelbbleirz — 
[Pb 0, Mo 0»] ; 

^ With Tungstic Add, in SchedUine — Tungstate of Lead — 
[Pb 0, W 0^] ; and 

7 With Vanadic Add, in Vanadiate of Lead — Vanadinifenme 
Lead SpaT—{% Fb + Pb CI + 3 Fb 0, 2 V 0«] ; 

Further, Lead forms an essential, and also an accompanying 
constituent in many furnace products : — 

a. Metallic, combined with other Metals; exempli gratia, 
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with Silver, in Workable Lead; with Copper, as Phmbiferaui 
Black Copper — Bleiisekee Sckwartzkupfer, — et eetera, 

b. In the state of Sulphide, combined with other Metallic 
Sulphides, as for example : with Sulphide of Iron, in Bleutein; 
with Sidpbide of Copper, in Bleiischen Kupferstein; and, ac- 
cording to the nature of the ores smelted, mixed also with various 
other Metallic Sulphides, in Tuttyy et ceter€L Lead is likewise 
found in Eilbrickenite, Oeokronite, Boulangerite, Federerz, Bleis- 
chimmer, Plagionite, Kobellite, Weisagiltigerz, Bleihomerz, Bleig- 
l&tte, Schwerbleierz, Nussierite, Melanochroite, and WeriLbleL 

0, In an oxidized state, to which belongs GlaUe — Litkarye — 
and the Abstrich, a greyish froth which is raked off the smrfiice 
of the Workable Lead, in the process of extracting Silver there- 
from. The Lead is first melted at a low heat, when the Abe^rich, 
which is composed for the most part of Sulphides of Lead, Anti- 
monj, et cetera, separates. Further, the Cttpel Grounde saturated 
with Oxide of Lead, obtained in the refinement of Lead for Silver, 
which fall in the melting of Plombiferous Schliche, — metallic 
slimes obtained in the washing of powdered ores. 

ExaminaHon for Lead, 

The qualitative examination for Lead is very readily performed, 
in the following manner : 

When plombiferous compounds, which are met with in nature 
and frimace products, are treated on charcoal, in the oxidating 
flame, they give a sublimate which is veiy easily recognized. 
Other easily volatilized metals, which may be in combination 
with the lead, either fume away entirely, or else deposit an oxide 
upon the support. The oxide of lead sublimate, which is dark 
lemon-yellow while hot, and sulphur-yellow when cold, deposits 
nearer to the assay than the sublimates of some other -metallic 
oxides, namely, those of tellurium, selenium, antimony, and 
arsenic, and is by this means distinguished. Should zinc also 
be an ingredient, the sublimate of oxide of lead will probably be 
contaminated with a quantity of the oxide of this metal, but the 
sulphur-yellow color of the lead deposit cannot, however, be mis- 
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taken, when the aasay has perfectly cooled. Plombiferous sul- 
phur compounds can be examined for lead by two, methods. 
Either by treating them in the reducing flame on charcoal, with 
a small addition of borax to separate the iron, and obtain a lead 
sublimate, or by roasting the sample moderately on charcoal, and 
reducing with soda, when the lead is obtained pure by sifting the 
assay from carbonaceous matters, et cetera. If the substance 
contains bismuth, a deposit of this oxide will ensue in the first 
treatment, but it is darker than the oxide of lead ; and in the 
second a friable metal is obtained, which, when the bismuth is 
present in an appreciable quantity, is supposed not to be lead. 
Should this occur, the substance must be smelted with bisulphate 
of potassa, as given under the head of Bismuth. The sulphate of 
lead procured in this manipulation is heated with soda on char- 
coal, by which means the pure metal, and an oxide of lead sub- 
limate is obtained. If much copper had also been present, black 
copper would result in the second method, but being so diflsimilar 
from the oxide of lead, no mistake could occur in the discrimi- 
nation. 

Combinations of lead with chlorine, and substances which con- 
tain the lead in an oxidized state, with other metallic oxides, 
earths, or acids, must always be treated with soda on charcoal, in 
the reducing flame. By this means, metallic and oxide of lead 
are produced, which may be procured on sifting the pyrognostic 
residue from scorise. Should impure lead be obtained by this 
method, there must have been other metallic oxides present in 
the specimen ; therefore, to insure an infallible test of the pre- 
sence of this metal, the assay must be treated for a long time in 
the oxidating flame, when the characteristic lead sublimate is 
procured. 

§ 9. BISMUTH— Bi-'Presence in the Mineral Kingdom, and in the 
products of Smelting Fumaees. 

Bismuth is found in nature : — 

a. Metallic, as Native Bismuth [Bi], which generally contains 
a very small quantity of Arsenic ; with Tellurium, Sulphur, and 
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a trace of Sdeninm, in Tdlurie Bimuik [Bi 8 + (Bi, Te)] ; 
and ako as a small ingredient in a compound of Anenic^ Cobalt, 
Iron, and a litUe Copper, Nickel, and Sulphur, witii a trace of 
Manganese, in BitmtOh CobaU Ore, from Schneebeig ; 

b. In the state of Sulphide, per m, and also in combination 
with other Metallic Sulphides, namely : per se, in Bitmuth 
Glance [Bi S] ; with Copper, in Cupreotu Biemuth — Cvpriferwu 
Sulphide of BUmuik^^ (Cu S) + 2 Bi, 3 S] ; with Lead, 
Copper, a little Nickel and Tellurium, in Siberian Needle Ore ; 
and with Lead, Silver, a little Iron and Copper, in Bienmthic 
Siher ; 

c. As an Oxide in Biemutk Ockre [Bi 0'] ; with, probaU^^ 
traces of Iron and Copper ; and also as an Oxide, with Gaxbomc 
Add and Water, mixed with a little Sesquioxide of bon, Alu- 
mina, and Silica, in Carbonate o/BiemuA. 

This metal stunetimes presents itself as a secondary ingredient 
in many furnace prodocta. It is found, for example, more or 
less in the metallic abate, in many Cobalt Speiseee^ if the Cobalt 
Ores employed for the preparation of Smalt are not free from 
BismutL Smalt — Silicate of Cobalt — ^is prepared in a pure 
state by precipitating Sulphate of Cobalt with Silicate of Potessa. 
It is manu£Etctured iu very large quantities in Saxony. 

ExandnaUan/or BUmutk. 

The simplest method for detecting Bismuth in the above-men- 
tioned minerals and Cobalt-Speiss, is by treating those substances 
which contain bismuth as a metal, with or without sulphur, com- 
bined with a small portion of borax, on charcoal in the oxidating 
or reducing flame ; and those which contain this metal in an ox- 
idized state, treated with soda, likewise on charcoal in the reduc- 
ing flame. The bismuth, which is either already met with in a 
metallic state, or is reduced by soda, sublimes by degrees, and 
coats the charcoal with an oxide, which, while hot, appears dark 
orange-yellow, and on perfectly cooling, citron-yellow. 

If the substance at the same time contains much lead, the 
color of the deposit is lighter, and very similar to the lead sub- 
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Umate ; this occurs with the Siberian Needle Ore. In such 
caaesy the presence of bismuth cannot be ascertained with cer- 
tainty hy the previous method, and it is necessary to recur to 
other methods of procedure. 

The first is : — ^The substance is roasted, — ^if it contains sulphur 
or arsenic, it is preferable to perform this experiment in a glass 
tube, to driye these off as much as possible, because it sinters 
readily on charcoal, — dissolved in microcosmic salt by the aid of 
the oxidating flame, and the glass treated with tin for a short 
time in the reducing flame. If the quantiiy of bismuth is so 
small that it contains less than a fourth part of the lead present 
in the substance, the microcosmic salt will be colored, on per- 
fectly cooling, dark grey, and become ultimately opaqua A& 
oxide of antimony produces the same reaction witii tin in micro- 
cosmic salt, it is necessary that the absence of antimony be ascer- 
tained by a preliminary examination of this metal If the sub- 
stance, besides bismuth, also contains copper, the microcosmic 
salt becomes on cooling brownish-^rey, nearly black, and opaque. 

Daring the roasting of a substance, very rich with Insmuth, in 
a glass tube, a yellowish-white sublimate is generally formed 
dose to the assay, and even on the undermost part of ihe tube 
which melts in a strong flame to brownish orbides ; which, on 
cooling are transparent, and of a yellow color. This deposit 
consists of oxide of bismuth. 

The second method is the following, if the bismuth present ia 
exceedingly small, and the lead not distinct : — ^The substance ia 
well roasted in a powdered state, the heated mass fused in a pla* 
tinum spoon, with bisulphate of potassa, and the residual matter 
treated with water in a porcelain basin, over the flame of the 
lamp, till solution takes place. By this means tiie sulphate of 
potassa and other soluble sulphates are dissolved, while basic 
sulphates of lead and bismuth remain. The supernatant liquor 
is decanted cautiously, the residue again treated with distilled 
water, a few drops of nitric add added, and the whole heated 
The sulphate of bismuth dissolves, while the sulphate of lead 
remains behind. K both salts be then separated by filtration, 
and the oxide of bismuth precipitated firom the solution by micnH 
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coconic salt, with the application of heat, a white precipitate is 
obtained, which dissolves either colorless or yellowish, in micro- 
cosmic salt : but the glass, when treated with tin in the reducing 
flame, on charcoal, assumes a dark greyish cobr on cooling, and 
behayes precisely like oxide of bismuth. 

The artificially prepared metallic nickel, on a large scale, is not 
always free from bismuth ; should an operator, therefore, wish to 
determine a small admixture of bismuth in the nickel, before the 
Blowpipe, he must mix one part of the finely divided sample with 
two parts of saltpetre, and treat on a platinum wire in the oxidating 
flame. The pyrognostic assay, which consists of potassa, oxide of 
nickel, and oxide of bismuth, is detached from the wire, and 
treated for some time on charcoal in the reducing flame. He 
oxide of bismuth is very readily reduced by this means; the 
metallic bismuth sublimes, and coats the charcoal with an oxide. 

§ 10. URANIUM— \]-'Pre»ence in the Mineral Kingdom. 

Uranium, which is an exceedingly rare metal, occurs in nature 
in an oxidized state : — 

a. As friable and compact Hydrate of the Sesquioxide of 
Uranium, the last of which is mixed with Lime and Oxide of 
Lead ; the two varieties are called Uran Ochre ; 

& As an Oxide, with Phosphoric Acid, and Phosphate of Lime, 
in Uranite [3 Ca 0, P 0* + 2 (U« 0«, P 0^) + 24 aq] mixed 
with [3 Ba 0, P 0^] ; in an oxidized state, with Phosphoric Acid, 
and Phosphate of Copper, in ChaUsolUe — Grem Uranite — [3 Gu 
0, P 0« + 2 (U« 0^ P 0«) + 24 aq] ; 

c. As Protoxide, with Titanic Acid, Lime, Oxide of Cerium, 
Protoxide of Manganese, Sesquioxide of Iron, Oxide of Tin, 
Water, and traces of Hydrofluoric Add and Magnesia, in Pyro- 
chlare, from Fredrikswam — ^Wohleb's analysis ; 

d. As Sesquioxide, with Tantalic Acid and Tttria, in TeHow 
YUrthTantalite [3 Y \l\^] ; and, 

e. As Protoxide, with Silicic Add, and traces of Sesquioxide of 
Iron, Sulphide of Lead, and Oxide of Cobalt, in Pitch-Blende — 
Uran-Pecherz — [3 U 0, 2 Si 0*]. Uranium is also found in 
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Pechnian, Uranyitriol, TJianbloom, Uranotaiitalain, Feigasonite, 
Eoxenite, Polykras, and Thorite. 

ExamtuUion for Uranmn. 

In iihe preYioualj described mineialSy with the exception of 
Chalkolite and Pyrochlore, itranium is determined hy treating them 
in a powdered state with microcosmic salt, upon platinum wire, 
as well in the oxidating as in iihe reducing flame. — See pages 92, 
93, Table 11. 

Pyrochlore, on account of its containing a considerable quantity of 
titanic acid and iron, destroys the colors given by uranium in the 
reducing flame ; the glass, upon cooling, becomes blood-red. In 
iihe oxidating flame, however, the microcosmic salt bead becomes 
greenish upon refrigeration, but is contaminated with yeUow. When 
the substance contains only a smaQ quantity of uranium, and much 
iron, the ferruginous reaction is given both with borax and micro- 
cosmic salt ; therefore, the sample must be fused with bisulphate 
of potassa, the residue dissolved in water, nitric acid added to 
convert the iron and uranium into sesquioxides, and then car- 
bonate of ammonia poured into the liquid for their separation, — 
which is treated of under Iron. 

If the mineral contains oxide of copper, as is the case with the 
Chalkolite, from Cornwall, a green glass is also obtained with 
borax and microcosmic salt, in the oxidating flame. As minerals 
containing prot- and sesquioxide of iron, and oxide of copper, 
without uranium, give a similar reaction to the above substances, 
when examined for this metal, they must be submitted to a dif- 
ferent treatment. The substance is to be smelted with carbonate 
of soda and borax, with an addition of lead, upon charcoal in the 
reducing flame, until the whole of the copper is reduced and 
alloyed with the lead. 

The glass, when cold, must be pulverized, treated with hydro- 
chloric acid and water, the protoxides of uranium and iron, if pre- 
sent, converted into sesquioxides, by the addition of a few drops 
of nitric acid, and then carbonate of ammonia added in excess, 
and the subsequent part of the process conducted in the same 
manner as mentioned under the head of Iron. According to 
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LiEBia, Uranium may be extracted from Rtch-blende-^ik wielj 
of Uran Ochre — ^by the following process : — ^After heating the 
mineral to redness, and reducing it to an impalpable powder, it is 
digested in pure nitric add, diluted with four parts of water, taking 
the precaution to employ a larger quantity of the mineral than the 
acid added can dissolve. By this process, the protoxide of 
uranium is converted into sesquioxide, which unites with the 
nitric acid, almost to the total exclusion of the iron. A current 
of sulphide of hydrogen gas is then transmitted through the 
menstruum, in order to separate lead and copper, the sulphides of 
which are always present in Pitch-blende. The solution is boiled 
to expel any free add, and after being concentrated by evapora- 
tion, is allowed to repose. The nitrate of sesquioxide of uranium 
crystallizes out in flattened fourndded prisms, of a beautiful lemon- 
yellow color. 

The sesquioxide of uranium is employed in the arts, for im- 
parting a fine orange color to porcelain, et cetera. 

§ 11. COPPER— Cu— Presence in the Mineral Kingdom, and in 
the products of Smelting Furnaces. 

This metal is found very abundantly in nature : — 

a. MetaUic, as Native Copper [Cu] ; 

b. With Selenium, as well per se, as with other Selenides 
namely, />er se, in Selenide of Copper [2 Cu Se] ; with Lead, in 
Sdenide of Copper and Lead, and Selenide of Lead and Copper ; 
and with Silver, et cetera, in Eukairite — ^from the Greek, signify- 
ing opportune ; in allusion to its discovery just as Bebzelius had 
completed his examination of Selenium — [2 Cu Se -j- Ag Se] ; 

c. In the state of Sulphide, alone, and in combination with 
other metallic sulphides, namely, per se, as Vitreotis Copper — 
Kupfer-ylanz — [Cu S], which generally contains traces of Iron 
and Lead ; with Iron, in Purple Copper — Bunt-kupfererz — ^and 
Copper Pyrites ; with Arsenic and Iron,in Tennantite [I cu s j 2 As, 
3 S -h 2 (4 Cu, 4 S, 2 As, 3 S] ; with Silver and a Uttle Iron, 
in Arffentiferotu Copper Glance — Silberkupfer-fflanz — [Cu S -j- 
Ag S] ; with Arsenic, Iron, a little Antimony and Silver, in 
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Copper Blendei ; wiiih Tin, and a litde Iron, in Tin Pyrites [Cu 
S + Sn S] ;— the best fonnula for Tin Pyrites gS^I} Sn 2 S 
+ 2 (Cu S) + Sn 2 S] — ^with Antimony, Silver, Iron, and Zinc, 
in WeissffilitifferZy a mechanical mixture of Brittle Sulphide of 
Silver with Grey Antimony ^ et cetera ; with the Sulphides of the 
same Metals and Sulphide of Arsenic, in Grey Copper ; with 
Antimony and Silver, in Antimonial Grey Copper; and with 
Lead, Antimony, and a little Iron, in Boumonite ; with Silver, 
a little Iron and Arsenic, in Gansehothigerz ; with Bismuth, in 
Cupreous Bismuth ; and with Bismuth, Lead, a little Nickel, and 
Tellurium, in Siberian Needle Ore ; 

d. In an Oxidized state, either alone or in combination with 
other Metallic Oxides and Water, namely : as Suboxide, in Bed 
Oxide of Copper — Bothkupfererz — [Cu« 0] ; as Oxide with Ses- 
quioxide of Manganese and Water, in Cupreous Manganese — 

Kupfer^ma/nganerz—^^^^^^ | + 3 (2 Mn« 0^ -I- 3 (H 0) ] ; 

and as an Oxide, with a little Peroxide of Manganese, Iron, and 
Water, in Native Oxide of Copper [Cu 0] ; 

«. As an Oxide, in combination with Chloride of Copper in 
Atacamite [Cu CI + 3 (Cu 0) + 6 aq ] ; 

/ In an Oxidized state, with Acids, either alone or with other 
Metallic Salts, or Earths, and Water, thus : — 

* With Carbonic add and Water, in Blue Carbonate of Copper 
—Azurite—[2 (Cu 0, C 0"-) + Cu 0, H 0] ; and in Malachite 
[2 (Cu 0) C 0« + H 0] ; 

* With Arsenic Acid and Water, in Condurrite [6 (Cu 0) As 
0* + 4» aq] ; in Euchroite [4 (Cu 0) As 0« + 7 aq ] ; in 
Erinite [5 (Cu 0) As 0^ + 2 aq] ; in Prismatic-Copper Mica 
[8 (Cu 0) As 0^ -I- 12 aq] ; and also with Alumina, in Liroco- 
nOe—Octohedral Arseniate—[2 (Al« 0^ 3 H 0) + 3 (4 Cu 
As 0^ 8 H 0) ] ; 

* With Phosphoric Acid and Water, in Libethenite [4 Cu 0, 
PO^ + 2 aq] ; and in Phosphoro-chalcite — Pseudo-Malachite — 
[5 Cu 0, P 06 H- 6 aq] ; 

* With Sulphuric Acid and Water, in Native Blue Vitriol 
[Cu 0, 8 0' + H + 4 aq] ; 
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* With Chromic Acid and Ghiomate of Lead, in Vauqtidinite ; 

« With Silicic Acid and Water, in IHoptase (3 Ou 0, 2 Si 0« 
+ 3 aq] ; with Silicic Acid, Water, and a little Carbonic Add, 
in ChrysoeoUa ; and with Silicic Add, and Silicate of Alnmina, 
in AUopkans. 

Further, Copper ia not only found per se, in scorise, et ceieray 
produced in the smelting of Cupreous Ores, but veiy often as a 
secondary constituent in the Slags from fiiraaced Argentiferous 
and Flombiferous minerals. It is found : — 

' Metallic, in pure Gcuirkupfery — ^the product of the third 
smelting of Cupriferous Ores — ftnd in combination with other 
metab, in Schwartzkupfer — second product ; in the Frischstucien 
— ^the Argentiferous Leads, obtained in the refining of Copper 
Ores for Silver ; in the Saigerdomem — ^the residues which re- 
main after eidzacting the lead from the Darrlinffe, and which 
yield a crude copper on being subjected to a process of smelting ; 
in the Darrlingen — eliquated coppers, from which the silver 
has been sweated out by lead ; and in Cupriferous Workable 
Lead; 

^ With Sulphur, per w, and also with Sulphides, exempli 
pratia, in Bohsteiny Bleistein, Kupfenteiny Kupferleg — one of 
the products produced by smelting the roasted gteifhy which is 
obtained by smelting roasted Bleistein with Quartzose Copper 
Ores, with Blestein Slags, and Quartz — and in different Tuttys ; 

° In an Oxidized and Vitreous state, in all the slags which 
are obtained in the manufacture of Crude Copper, and in the re- 
finement of Copper for Silver — Copper is also met with in Fahleiz, 
Eupferkies, Euperwismutherz, Zinnkies, Cuban, Nadelerz, Cupro- 
plumbite, Polybasite, Brochantite, Dihydrite, Ehlite, Tagalite, 
Thrombolite, Chalkolite, Mysorine, Aurichalcite, Elinoklas, Oliven- 
ite, Volbortite, and Eieselkupfer. 



Examination for Copper. 

This examination is very simple, and so certain, that its pre- 
sence or absence, in any combination, can be determined in a 
short time. 
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The combinations of copper with other metals, as met with in 
nature, generallj contain selenium ; if exposed for some time to 
the oxidating flame on charcoal, and the metallic globule remain- 
ing treated with borax in a continued oxidating flame, the glass 
generally exhibits the color produced by oxide of copper. On 
melting the cooled glass after separation from the excess of metal, 
on another part of the charcoal in the redudng flame, it assumes 
on cooling, a red color, and is quite opaque. The latter does 
not, however, always succeed, because if exposed too long to the 
reducmg flame, the copper separates, and the glass appears 
colorless. It succeeds better if a small piece of metallic tin is 
added, and only treated for a few moments in the reducing flame. 
A part of the tin oxidizes at the expense of the oxide of copper, 
and dissolves colorless in the glass, while tiie copper is reduced to 
a suboxide, which colors the glass red on cooling, and is opaque. 
The red color appears fiednter in proportion to the other metallic 
oxides dissolved with it. 

Copper is detected in this manner, in most furnace products, 
consisting only of metallic combinations. Such a combination is 
treated with borax or microcosmic salt, on charcoal in the reducing 
flame ; the gla^ pearl, while yet liquid, is removed from the 
metallic globule by the aid of the forceps, the color, if any, from 
oxide of copper observed, and the assay then placed upon another 
part of the charcoal, and treated as above with tin. If only a 
trace of copper be present, which can only occur with Workable 
Leady a red-colored pearl is not always obtained, and if the 
metallic compound at the same time contains antimony, the glass 
on cooling becomes opaque, and is colored grey or black. In such 
a case, the metallic mixture must be previously melted per se on 
charcoal, in the oxidating flame, untill all the antimony is volati- 
lized, and the greater part of the lead is then dissolved in boracic 
add, as will be given with the quantitative examination for 
Copper, under the process for refining ; the globule remaining is 
treated first with microcosmic salt in the oxidating flame, and the 
glass bead is then fused with tin in the reducing flame. If a 
trace of copper is present, the glass will be colored distinctly red 
on cooling, and will be opaque, entirely, or in separate portions. 
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Should the metallic oombinatioii oontain much nickel, oobalt, 
iron, and arsenic, the greater part of the cobalt and iron can be 
removed by treatment with borax in the reducing flame, on chai^ 
coal, and recognized bj the color of the glass, a£ given with iron. 
Lead is then added to that which has been obtained in a molten 
state in the reducing flame, by which means the greater part of 
the arsenic volatilizes, and by treatment with boracic acid, the 
lead, with any residual cobalt and iron, is dissolved. The 
remaining cupriferous nickel globule, and probably a part of the 
arsenic, is treated with microcosmic salt in the oxidating flame, 
and the observation made as regards the color which the glass 
assumes. If copper be present, it appears, while hot, dark green ; 
on cooling, clearer ; and when perfectly cold, bright green. The 
latter consists of the light brown of the oxide of nickel, and the 
blue of the oxide of copper. 

The combinations of copper with sulphur, and other metallic 
sulphides, are either heated altemately, in the oxidating and 
reducing flames, on charcoal, till the sulphur is perfectiy dis- 
sipated ; or treated with soda on charcoal, in the reducing flame, 
by which means the copper is obtained in a metallic state ; or 
dissolved in borax or microcosmic salt, and the g^ treated with 
tin on charcoal, when the presence of copper is recognized by its 
red tinge. If the roasted substance contains, b^des copper, 
other easily reducible metallic oxides, no pure copper will be 
obtained by the reduction with soda, but an admixture with other 
metals ; which, if not obtained in a single globule, must be sifted 
with water in a mortar, to remove the recrementitious particles, 
and lead added, if not ahready present ; it is then refined, by 
treating with boracic acid on charcoal. If convenient to dispense 
with the refining, the reduced metallic compound may be ex- 
amined for copper with borax or microcosmic salt, as already 
mentioned with the metallic combinations. If the roasted assay 
contains, besides copper, oxide of iron only, a mixture of both 
metals is not obtained by the reducing process, but particular 
reguli of copper and iron, which, after purification, are readily 
distinguished by the lens or magnet But if it contain oxide of 
tin, which occurs with tin pyrites, a white friable metallic mixture 
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is obtained by the reduction ; which, if melted for some time 
with a microcoamic salt pearl, in the oxidating flame, produces an 
opaque red glass. If not perfectly roasted, a mixture of sul- 
phide of copper, and otlier metallio sulj^udes, are very readily 
obtained. 

On treating the roasted substance with borax or microcosmio 
salt— even if it contains other metallic oxides, with the exception 
of oxide of bismuth and oxide of antimony — in the oxidating 
flame, and then in the reducing flame, after the addition of tin, 
the reaction of copper is always detected, if an appreciable quan- 
tity be present But if it ccmtain at the same time much bismuth 
or antimony, the glass assumes a dark grey color on cooling, which 
destroys the red tinge produced by suboxide of copper. If the 
amount of the bismuth or antimony present be small, the glass 
will often be colored brownish-grey. If a black or grqr pearl is 
obtained, the roasted substance must be mixed with soda, borax, 
and proof lead, and this compound melted in the reducing flame. 
The metallic globule obtained by this means must first be treated 
per 9€ on charcoal, and then with boracic add, until either a pure 
globule of copper is obtained, or till the whole is dissolved, when 
the copper communicates a blue, green, or red color to the boracic 
add ; or the globule of copper, freed by boracic add from the 
greater part of lead and bismuth, is treated with microcosmic salt 
and tin, as already mentioned. The latter procedure, which 
valatilises the antimony, and separates the bismuth perfectly by 
boradc add, is the most certain. 

K the copper in a substance is so insignificant that a portion, 
dissolved in borax or microcosmic salt, produces with tin no 
cupreous reaction, a greater quantity, about 1 00 milligrammes, 
must be roasted, as with a quantitative copper examination ; the 
roasted substance is then to be mixed with equal parts of soda 
and borax, and if it contains no easily redudble metal, 80 to 50 
milligrammes jooof lead added, and reduced as in a quantita- 
tive examination of the copper. The metallic mixture obtained 
as a globule by this means, in which aQ the copper is contained can 
be examined Airther for copper, after treating with boradc add, and 
then with microcosmic salt and tin. The subsequent method of pro- 

2 
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cedure has already been mentioned. The protoxide and suboxide 
of (xyper, as met with in nature, and also the latter in combina- 
tion with other metallic oxides, behave per h towards borax and 
microcosmic salt, and with tin in the reducing flame, perfectly 
similar to the oxide of copper ; and thus the presence of copper 
can be readily recc^ized in the minerals. The copper can be 
separated also from these minerak by a simple reducing process, 
with soda and a small portion of borax. The native copper salts, 
which include silicate of copper and a compound of this, wH&l 
silicate of alumina — Allophane, — ^impart to borax and micro- 
cosmic salt the color of protoxide of copper, particularly if treated 
with tin, on charcoal in the reducing flame. If it be necessary to 
separate the copper in a metallic state, the sulphate of copper 
must be previously roasted slightly, in the oxidating and reducing 
flames alternately ; this is reduced, like the other salts, with soda 
and borax on charcoal ; the copper now generally coheres, forming 
a globule, while the difficultly reducible metallic oxides are dis- 
solved by the borax. 

In manipulation with sulphate or arseniate of copper, nickel, 
cobalt, or iron, the sulphur volatilizes by roasting, but part of the 
arsenic remains with the oxide of nickel, as arseniate. If the 
roasted substance be reduced with soda and borax on charcoal, 
the copper, nickel, and arsenic produce a fluid metallic globule, 
and oxides of cobalt and iron are dissolved by the borax. If the 
reduced metallic bead contains copper, it must impart a green 
tinge of both nickel and copper to borax or microcosmic salt 
in the oxidating flame, which becomes somewhat paler on 
cooling. 

The presence of copper can also be determined, if treated 
with tin, by such a glass losing its transparency on cooling, and 
assuming a red tinge. If the borax glass, without the addition of 
tin, be treated in the reducing flame till all the nickel and copper 
is separated in a metallic state, and if then the glass be observed 
to appear blue, the roasting will have occurred imperfectly, and 
by the reduction some arsenide of cobalt has accompanied the 
metallic button. 

It is difficult, by borax or microcosmic salt, to determine the 
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copper in slags as protoxide or suboxide, with the exception of 
that contained in Gaarhupfery on account of the small quantity 
generally present ; and, moreover, the other ingredients, which 
are chiefly silicates of different earths and difficultly reducible 
metallic oxides, destroy the reaction of oxide of copper. For 
this reason, instead of employing the reduction process, the slags 
must be treated with soda on charcoal. If even by this method, 
also, copper should not be detected, a greater quantity, about 100 
milligrammes, must be reduced with equal parts of soda, the half 
of borax, and 30 to 50 milligrammes proof lead, and the lead, 
united to a globule, treated with boracic acid till all is dissolved, 
or the copper is concentrated. If the slag contains a trace of 
copper, this becomes reduced, and combines with the lead, and in 
the first case, has colored the boracic add red, green, or blue. If 
the copper present is very minute, the tinge is seen on those parts 
only where the latter part of the lead containing copper was dis- 
solved. If the slag contains one per cent, of copper, and the 
glass be treated in the reducing flame, the lead only is dissolved, 
and the copper remains in a melted state, with its peculiar 
greenish blue color. If the copper be exposed some time to the 
oxidating flame, it becomes oxidized, and the whole glass is 
colored red, by the suboxide formed. In the second case, the 
metallic globule, melted with boracic acid, is treated with micro- 
cosmic ssJt and tin, as above. 

A small quantity of copper contained in a substance can often 
be detected, if not in combination with sulphuric add, by one or 
two drops of hydrochloric acid. It is only necessary to moisten 
the substance with this acid, and heat it in the forceps, in the 
apex of the blue flame, when, by this means, the outer flame is 
colored greenish-blue, and often reddish-blue, by the chloride of 
copper formed. The coloring is more beautiful and stronger, 
the richer the substance is in oxide of copper. Silicates, exempli 
gratia, slags, must be pulverized as finely as possible in a mortar, 
this powder moistened with a drop of hydrochloric acid in a porce- 
lain basin, dried over the flame of a lamp, and the dried powder 
kneaded into a granular mass with a drop of water. This grit is 
placed in the ring of a platinum wire, and melted in the apex of 
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cedure has already been mentioned. The protoxide and suboxide 
of oopper, as met with in nature, and also the latter in combina- 
tion with other metallic oxides, behave per 8e towards borax and 
microcosmic salt, and with tin in the reducing flame, perfectly 
similar to the oxide of copper ; and thus the presence of copper 
can be readily recc^ized in the minerals. The copper can be 
separated also fix)m these minerals by a simple reducing process, 
with soda and a small portion of borax. The native copper salts, 
which include silicate of copper and a compound of this, with 
silicate of alumina — Allophane, — ^impart to borax and micro- 
cosmic salt the color of protoxide of copper, particularly if treated 
with tin, on charcoal in the reducing flame. If it be necessary to 
separate the copper in a metallic state, the sulphate of copper 
must be previously roasted slightly, in the oxidating and reducing 
flames alternately ; this is reduced, like the other salts, with soda 
and borax on charcoal ; the copper now generally coheres, forming 
a globule, while the difficultly reducible metallic oxides are dis- 
solved by the borax. 

In manipulation with sulphate or arseniate of copper, nickel, 
cobalt, or iron, the sulphur volatilizes by roasting, but part of the 
arsenic remains with the oxide of nickel, as arseniate. If the 
roasted substance be reduced with soda and borax on charcoal, 
the copper, nickel, and arsenic produce a fluid metallic globule, 
and oxides of cobalt and iron are dissolved by the borax. If the 
reduced metallic bead contains copper, it must impart a green 
tinge of both nickel and copper to borax or microcosmic salt 
in the oxidating flame, which becomes somewhat paler on 
cooling. 

The presence of copper can also be determined, if treated 
with tin, by such a glass losing its transparency on cooling, and 
assuming a red tinge. If the borax glass, without the addition of 
tin, be treated in the reducing flame till all the nickel and copper 
is separated in a metallic state, and if then the glass be observed 
to appear blue, the roasting will have occurred imperfectly, and 
by the reduction some arsenide of cobalt has accompanied the 
metallic button. 

It is difficult, by borax or microcosmic salt, to determine the 
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copper in slags as protoxide or suboxide, with the exception of 
that contained in Gaarhupfer, on account of the small quantity 
generally present ; and, moreover, the other ingredients, which 
are chiefly silicates of different earths and difficultly reducible 
metallic oxides, destroy the reaction of oxide of copper. For 
this reason, instead of employing the reduction process, the slags 
must be treated with soda on charcoal If even by this method, 
also, copper should not be detected, a greater quantity, about 100 
milligrammes, must be reduced with equal parts of soda, the half 
of borax, and 30 to 50 milligrammes proof lead, and the lead, 
united to a globide, treated with boracic acid till all is dissolved, 
or the copper is concentrated. If the slag contains a trace of 
copper, this becomes reduced, and combines with the lead, and in 
the first case, has colored the boracic acid red, green, or blue. If 
the copper present is veiy minute, the tinge is seen on those parts 
only where the latter part of the lead containing copper was dis- 
solved. If the slag contains one per cent, of copper, and the 
glass be treated in the reducing flame, the lead only is dissolved, 
and the copper remains in a melted state, with its peculiar 
greenish blue color. If iihe copper be exposed some time to the 
oxidating flame, it becomes oxidized, and the whole glass is 
colored red, by the suboxide formed. In the second case, the 
metallic globule, melted with boracic acid, is treated with micro- 
cosmic salt and tin, as above. 

A small quantity of copper contained in a substance can often 
be detected, if not in combination with sulphuric acid, by one or 
two drops of hydrochloric acid. It is only necessary to moisten 
the substance with this acid, and heat it in the forceps, in the 
apex of the blue flame, when, by this means, the outer flame is 
colored greenish-blue, and often reddish-blue, by the chloride of 
copper formed. The coloring is more beautiful and stronger, 
the richer the substance is in oxide of copper. Silicates, exempli 
gratiay slags, must be pulverized as finely as possible in a mortar, 
this powder moistened with a drop of hydrochloric acid in a porce- 
lain basin, dried over the flame of a lamp, and the dried powder 
kneaded into a granular mass with a drop of water. This grit is 
placed in the ring of a platinum wire, and melted in the apex of 
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the blue flame. If the silicate contains copper, a bine coloring 
ensues in the outer flame. If the mineral containing copper be 
heated, jMT m, in the apex of the blue flame, with the exception 
of Atachamite, the outer flame is colored beautifully green. If 
the mineral, at the same time, contains much lead, a blue flame, 
with greenish streaks, results. 

§ 12. SILVER-'Ag—Pres&nee in the Mineral Kingdom, and in the 
products of Smelting Fumaees. 

SSlYer occurs in natnre : — 

a. Metallic, hoQiper ee, and in combination with other metals, 
namely, as Native Siher [Ag], which is often contaminated with 
minute portions of Antimony, Arsenic, and Iron ; in Native GMy 
which contains more or less silver ; in Native Amalgam [Ag, 2 
'Sjg\ and [Ag, 3 Hg] ; with Antimony, in Antimonial Biker 
[2 Ag, Sb] and [3 Ag, Sb] ; with Gold and Telluiiam, in 
Graphio TeUurium [Ag, Te + 3 (Au, 3 Te) ] ; with Iron, 
Arsenic, and a little Antimony, in Areenical 8iker — ^which is 
probably a mixture, and not a peculiar species; — ^with Gold, 
Tellurium, and Lead, in Yellaw Tellurium — Weiee Silvanerz; — 
and with Selenium and Copper, in Eukairite — Sdenide o/Siker 
and Copper ; — 

b. With Sulphur, both per se, and in combination with other 
sulphides ; thus, per 8e,m Sulphide of Silver — Silver Olance — 
[Ag S] ; with Antimony and a little Copper, in Brittle Sulphide 
of Silver— BriUle Silver Gkmc^^6 Ag S + 2 Sb 3 S] ; with 
Arsenic, Copper, and Antimony, in Eugen^lanee or Polyharite 
{IS* Is} + 9 {2c5s} ; ^th Arsenic, and a very small propor* 
tion of Antimony, in Sulphide of Silver and Arseme, the light 
red variety of Bedor BubySiher-^it is the LichtesBothffiltifferz 
or Arsensilberblende of the Germans [3 (Ag S), 2 As 3 S] ; with 
Antimony, in Sulphide of Silver and Antimony, the dark red 
variety of Buby Silver — Antimorisilberblende of the Germans 
[3 (Ag S) 2 Sb, 3 S] ; with Antimony, a little Copper, and Iron, 
in Mya/rgyrite — Hemi-Priematic Buby Blende — [Ag S, 2 Sb 3 
S] ; with Copper and a little Iron, in Sulphide of Silver and 
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Copp&r — Argentifenm Copper Glance; — ^with Antimony, Copper, 
a little Iron, and Zinc, in WeissgiUigerz and GraiugiUifferz ; with 
Bismuth, Lead, together with a little Iron and Copper, in 
Bismuthie Siher ; with Antimony, Arsenic, Copper, Iron, and 
Zinc, in Grey Copper ; and as a minute constituent in most Lead 
and Copper ores, to which belong Bdenide of Lead^ Copper 
Olanee, Copper PyriteSy ei cetera. 

c. In combination with Chlorine, in Chloride of Siher — 
Homsilver — [Ag CI] ; and, 

d. In combination with Iodine, in Iodic Siher [Ag 2 I]. 
Silver occurs in the products of smelting furnaces : — 

^ Metallic, both per se and in combination with other metals ; 
namely,/!^ se, as Brandsilber — blickeilher refined by cupellation 
— and Anudgamated Siher — the amalgam of sQver and mercury 
obtained in extracting silver from its ores by the process of amal- 
gamation ; it generally contains copper, antimony, et cetera; — 
with a little Lead, and sometimes minute portions of Copper, in 
Blickeilber — the crude silver obtained in the refinement of lead 
for silver, after nearly the whole of the lead has been converted 
into Litharge ) — ^with Lead, and also with Copper and traces of 
Antimony, Arsenic, Iron, and Sulphur, in the Workable Lead; 
as a secondary Constituent in the Black Copper obtained from 
Copper and Lead ores ; and, also, in extremely smaU quantities, 
in Abetrich Lead — Abetrich Lead is the Workable Lead firom 
which the Abetrich has been raked off. 

' Combined with Sulphur and other metals, in which, how- 
ever, it forms only a very minute constituent ; namely, in the 
Bleistein obtained firom Sulphide of Lead, and Sulphide of Iron ; 
in the Kupferitei% from Sulphide of Copper, Sulphide of Lead, 
and Sulphide of Iron ; in the Bohsteiuy firom Sulphide of Iron, 
and, sometimes, a little Sulphide of Lead and Sulphide of Copper ; 
and in the compound Flue^akings firom the smelting of different 
sulphides which yield Silver; as also, in a fine mechanically 
divided state, in the slags obtained by iihe smelting of Silver 
ores, or of the argentiferous products of their reduction. 

' In an oxidized state, but only in exceedingly smaU quanti- 
ties, as in Litharge, in the Abetrich, and in the Cvpel Grounds 
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from which the WorkiMe Lead has been separated. Silver is 
found also in Tellusilber, Aqueiite, SchTift^x, Weisstellur, Tel- 
lurblei, Selensilber, Sprodglaserz, Xanthokon, and Stembeigite. 

Exandnatum for Silver. 

Some of the minerak, alloys, and fumaoe products, previously 
mentioned, are so constituted as to be readily recognizable by 
their exterior appearance, for silver. To these belong Native 
Silver, Native Gold of a very light color, Brandnther^ Amalga- 
mated Siher, and BUckeUber, Other argentiferous minerals, 
when combined with volatile ingredients, give pure silver beads 
when exposed to a strong oxidating flame, and the charcoal 
becomes coated with a red sublimate. These are Antimonial 
Silver, Arsenical Silver, natural and artificial amalgams. When 
the latter are heated in a glass matrass, mercury volatilizes and 
deposits in orbicles, which may readily be made to cohere, by 
tapping the vessel. The residuum, which is nearly freed from the 
mercury by this process, gives, when smelted on charcoal, a 
beautiful white globule. If Graphic or Yellow Tellurium be 
heated on charcoal, an auriferous yellow globule remains, which is 
composed of gold and silver ; by treating this alloy with aqua 
regia, the gold dissolves and the silver deposits as a chloride. 
Native gold, containing silver, may also be treated in this 
manner, when separation is requisite. Those minerals which 
contain, besides volatile metab, copper, yield a cupreous silver 
bead when assayed upon charcoal in the oxidating flame. To 
obtain the silver frt)m these in a pure state, they must be mixed 
with lead and cupelled. — ^Eukairite belongs to this class. Silver 
is detected in Workable Leady Abstrieh-Blei^ and in impure 
Bla>ck Coppery by cupelling the first two, per se^ and treating the 
last with ten times its volume of proof lead on charcoal. If it be 
requisite to examine at once for silver in minerals and frimace 
products, which consist of metallic sulphides, or only contain 
such, the quantitative silver examination with proof lead and 
borax is the most satisfactory method for this object The neces- 
sary information upon this treatment will be given under the 
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aboye-mentioned examination. Native Chloride of Silver — 
Homsilver — ^fdses on charcoal in the oxidating flame, to a brown, 
grey, or black bead, which, if pure, gives metallic silver in the 
reducing flame. This decomposition is immediately effected 
with soda on charcoal Furnace products, which contain only a 
very small quantity of silver, — ^for instance, Litharffe, Cupd 
Grounds, and Ahgtrich, — ^must be assayed according to the process 
given under the quantitative examination of such substances. 

§ 18. MEB0UBY--Kg---Pre8ence in the Mineral Kingdom, and in 
the products of Smelting Furnaces, 

Mercury occurs in nature : — 

a. Metallic, per se, in Native Mercu/ry [Hg] ; and combined 
with Silver, in Ifatwe Amalgam ; 

b. In combination with Sulphur, as Cinnabar, or Stdpkide of 
Mercwry, and in Lebererz, or Hepatic Cinnabar [Hg S] ; the 
latter is, however, contaminated with Carbon, Silicic Acid, Oxide 
of Iron, and other substances ; 

c. In combination with Chlorine, as Chloride of Mercu/vy or 
H<ym Quidkeiher [Hg CI] ; and, 

d. In combination with Iodine, as Iodic Mercury, 

Mercury also forms a constituent of many products, residues, 
scorisB, et cetera, of the amalgamation process for extracting 
Silver from its ores. To these also belong the products of the 
amalgamation of Gold and Silver Ores, namely, Gold Amalgam, 
Siher Amalgam, and the unwashed residue in which finely 
divided Siher Amalgam is generally present If the Ores to be 
amalgamated contain Copper and Lead, these metals will be found 
in the residues, when the process is completed. 

Examination for Mercury, 

Native Mercury possesses all the properties of the pure metal, 
and need not therefore be more particularly examined, unless it 
be required to detect traces of other metals present. 

The combinations of mercury with gold and silver, to which 
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belong both native and artificial amalgamfl, and also the impure 
residues obtained by the washing of 
silver, copper, and lead amalgains, 
Fig. 44. yy ghQijd \^ ignited in a flask, or bulb 
tube — see Fig. 44--4nrer the spirit- 
lamp. The mercorj is sqparated, vola- 
tilisedy and deposited in the form of 
small metallic globules in the colder 
part of the flask or tube, which cannot 
be confounded with any other metal 
In the examination of the compounds 
of mercury with sulphur, chlorine, or 
iodine, to which Native Cinnabar, He- 
patic Cinnabar, Horn Quicksilver, and Iodic Mercury belong, a 
portion of the substance should be triturated in an agate mortar, 
with an equal bulk of soda, the mixture introduced into the small 
glass vessel, and heated to redness over the spiiit-lamp. The 
sulphur, or chlorine, combines at this temperature with the 
radical of the soda, forming sulphide or chloride of sodium, while 
metallic mercury becomes firee, ascends as vapor, and condenses 
on the upper part of the flask in a greyish sublimate, which 
coheres into small metallic globules on gently tapping the tube. 
If the quantity of this metal present be so minute that no 
metallic sublimate of mercury is obtained, the experiment should 
be repeated in the same manner, introducing at the same time 
the end of an iron wire, covered with a piece of gold leaf, into the 
flask, and holding it a little over the surface of the mixture, when 
the gold becomes perfectiy white, or in a great measure so, even 
when the quantity of mercury present is extremely small 

According to Wacksnbodeb, the haloid salts of mercury give a 
sublimate on charcoal The oxygen salts also give, with chloride 
of sodium, — sulphide of mercury with a mixture of soda and 
chloride of sodium also, — a heavy or light white vapor and subli- 
mate of subchloride of mercury. If a substance is tobeexamined 
for mercury, in which the latter is not combined with sulphur, 
and which, per 86, gives no sublimate, it should be reduced to a 
fine powder, and fased with dry chloride of sodium on charcoal, 



PLATINUM, PALLADIUM, IBIDIUM, ET CETEBA. 

in the reducmg flame ; a white sublimate of subchloride of mer- 
cuiy is procured. If the mercuiy, however, be combined with 
Enilphur, the substance must be fused with a mixture of soda and 
chloride of sodium. 

As chloride of sodium also yields a white sublimate, per se, on 
charcoal, in the reducing flame, but which appears later than tiie 
sublimate of subchloride of mercury, and then only when the heat 
is veiy strong, the behavior of chloride of sodium, per m, on 
charcoali should be first studied, before an examination for mer- 
cury in this way be undertaken. 

§ J4. PLATINUM-^^tr-^PALLADIUM-^Td^EffODIUM'- 

^Br^lRIDIUM-'lr--^8MIUM''^Os^Pre90nce in the 

Mineral Kingdom. 

These Metals generally occur united together ; 8oni0timeB,also, 
wifii traces of Lron, Copper, and Lead, in Native Flatinutn, in 
which Platinum is, however, the principal constituent. 

Palladium is likewise found native, combined with a little 
Platinum and Iridium, along with the Native Platinum, in 
Brazil 

Bhodium occurs only as an extremely small constituent in 
Native Platinum, 

Iridium occurs native, combined with a little Osmium, along 
with Native Gold, and Native Platinum, in Bussia. It is also 
found, with a larger proportion of Osmium, in peculiar grains — 
Osmium-Iridium — [Ir Os], along with Native Platinum, in 
South America. The quantity of Osmium in Oemium-Iridium 
varies greatiy. 

Osmium has been found, as yet» only in the last named com- 
pound, and in Native Platinum. 

BehaxAoT of the preceding Native Metalt btfore the Blowpipe. 

These metals cannot be so separated from one another by the 
Blowpipe, that each metal may be recognized when treated with 
borax or microcosmic salt, on a platinum wire or on charcoal, 
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since they neither oxidize nor dissolve; beads, more or less 
colored, are in this case obtained ; but the color proceeds from 
the mixed oxidizable metals, namely, from copper, iron, et cetera, 
which may be readily detected in this way, in such combinations. 

If they be fdsed with lead, and the alloy subjected to refine- 
ment in a cupel, — ^which operation lasts only as long as it affords 
the difficultly frisible metab — ^an infusible metallic compound is 
at length obtained, which contains, proportionably, much lead ; 
but if a sufficiently large grain of gold be added to it, and then 
refined in a strong heat, a yellowish-white, or even a platinum- 
grey metallic button, perfectly free from lead, will be obtained, in 
case too much platinum or iridium is not present in the alloy. If 
it \& not obtained of a fine quality from the cupel, it may 
be, very readily, with boradc add, on charcoal, in the oxidating 
flame. 

The alloy of gold, platinum, iridium, rhodium, palladium, 
et cetera, thus obtained, can only be analyzed in a moist way when 
it is required to recover the gold. For this purpose it should be 
dissolved in aqua regia, the solution partly evaporated, diluted 
with weak alcohol, and the platinum and iridium thrown down 
from this solution by chloride of potassium or chloride of ammo- 
nium, and the gold, by a fresh prepared solution of protosulphate 
of iron. The latter is obtained in the metallic state, and requires 
only to be filtered, edulcorated, and fused with a little borax, on 
charcoal 

Osmium-Iridium is the only compound which can easily be 
decomposed, and in which osmium may be recognized. When it 
is strongly ignited in a glass flask, with saltpetre, oxide of osmium 
is formed, and may be recognized by its foetid smell, which is 
similar to that of chloride of sulphur. 

§ 16 GOLD — ^Au — Presence in tks Mineral Kingdom, and in 
the products of Smelting Furnaces. 

Gold always occurs, in nature, in the metallic state, thus : 
a. Mixed with other metals, as with, more or less, Silver, in 
Natiee Gold ; with Tellurium and Silver, in Graphic Tellurium ; 
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with Teflurium, Lead, and Silver, in Yellow TeUuriutn ; with a 
large quantity of Tellurium and a little Iron, in Native Tel- 
hirium; with Lead, Tellurium, a little Copper, Silver, and 
Sulphide of Lead, in Black TeUwrium; in a combination of 
Selenide of Molybdenum with a little Silver, in Noble Mdybden 
Glance, 

b. In metallic Sulphides ; namely, in many Iron and Copper 
I^tes, but, however, in small quantities. The quantity of Gold 
in these Pyrites is very different The Iron Pyrites so widely 
diffused in Saxony, which lie in contact with the gangues, and 
which, at the same time, contain Sulphide of Antimony, and finely 
disseminated Buby silver, or other Silver Ore, always yield more 
Gold than those occurring in the same situation in which no Anti- 
mony can be detected : the former contains, in a hundredweight, 
owing to the admixture of Silver Ores, from five to ten ounces of 
silver, eight ounces of which yield from 0*5 to 0*8 of a grain of Gold ; 
and the latter contain, in the hundredweight, from 0*125 to 0*5 of 
an ounce of Silver, eight ounces of which yield only from 0*15 to 
O'l 8 of a grain of Gold. — It is better always to control the assay 
of silver by analysis in the humid way. For assay, fuse 200 
grains of the finely pulverized ore with litharge, carbonate of 
soda, and charcoal, and cupel the produced button on bone 
ashes. The results are generally a trifle too low. For humid 
analysis, tuae 100 grains of the ore with about 300 of carbonate 
of soda ; treat the fused mass with water, to dissolve out the 
soluble chlorides, precipitate by hydrochloric acid, wash the 
chloride of silver, weigh, and calculate the amount of silver. 

Gold Amalgam is the only product of smelting furnaces, 
extensively occurring, in which Gold forms the principal in- 
gredient 

However, as auriferous Silver Ores are often smelted. Gold is 
also found as a secondary constituent, in many products obtained 
in the reduction of silver ; more particularly in the following : — 
Brandsilber — ^if the Gold has hot been already separated, Blick- 
silber, Amalgamated Silver, Workable Lead, Black Copper, 
Bleistein, Kup/erstein, and Bohstein. 
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Examination for Gold. 

Native Gold is eaalj reoogmzed hj its peculiar color. The 
remaining aariferous metals, Pyrites only excepted, should be 
treated, when the volatile metals are also to be detected, on char- 
coal in the reducing flame, until an unchangeable metallic button 
is obtained. With some minerals, exempli gratia, Graphic Tel- 
lurium, Yellow Tellurium, and Black Tellurium, a button re- 
mains, which, on cooling, possesses the color of gold, and contains 
the silver present in the mineral K it should happen that a 
pure metallic button is not obtained, a little proof lead and borax 
must be added to the remaining mass, and the whole treated for 
some time in the reducing flame. The easily reducible metals 
combine with the proof lead, and, after cooling, can be separated 
from the gold and silver by cupellation on bone ashes. If the 
button obtained by cupellation does not possess the color of gold, 
but appears white, the quantity of gold is less than that of silver, 
in which case, the button should be placed in a porcelain capsule, 
a few drops of nitric acid poured on it, and the capsule heated 
over the lamp. 

If the button does not contain more tiian a fourth part of its 
weight of gold, it becomes completely black, and then decomposes, 
the silver being dissolved, while the gdd remains in black flakes. 
When the silver button contains more than the fourth of its 
weight of gold, it is blackened, but the silver is not dissolved. 
It is neither blackened nor dissolved, if the proportion of gold to 
silver is nearly equal : in this case the button must be melted 
with twice its bulk of pure silver, on charcoal, and agam treated 
with nitric acid, by which the mass becomes black, and dissolves ; 
the pure gold being left behind. 

Gold Amalgam \& treated, first in a flask similar to the Silver 
Amalgam, in order to drive off the greater part of the mercury, 
and then on charcoal in the oxidating flame, when a button of 
pure gold is obtained. 

BranckHber, as also Blieksilber and Amalgamated Siher, are 
treated, after being refined with a slight addition of proof lead, on 
a cupel with nitric acid, and examined whether the silver becomes 
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black, and whether black gold flakes, or black particles, remain 
after the solution of the silver. 

Workable Lead is refined per se^ and Black Coppery with an 
addition of proof lead on the cupel, and the resulting metallic 
button treated with nitric add. If the silver becomes black, or 
if black particles remain after the silver is dissolved, the metals 
contain gold. 

Iron and Copper Pyrites, Bleietein, Knpfertieiny and Boksteifiy 
must be first examined for silver, in the same manner as in the 
quantitative examination. The resulting button of silver is to be 
placed in a porcelain ci^)sule, containing some hot nitric acid, and 
quickly examined with a lens, whether it dissolves with a black 
or white color. In the former case, the substance coirtains gold ; 
in the latter, it is absent When a button is not obtained in the 
examination of Pyrites, it does not follow that gold is not present, 
as the quantity is often so minute that it cannot be recognized on 
the cupel with the lens, even from 100 milligrammes of ore. 
Hence, two or more fragments should be subjected to examination, 
the resulting Workable Lead concentrated by cupellation, mixed 
with a littie pure silver, and again refined, by which means the 
gold is combined with the silver, and may be recognized as above, 
by the black color of the button, when treated with hot nitric add. 

§ 16. TIN— Sn— Presence in the Mineral Kingdom, and in the 
products of SmelHng Furnaces. 

Tin occurs in nature in the following minerals : 
In combination with Sulphur, and Sulphides of Copper and 
Iron, in Tin Pyrites ; as an Oxide, in Tin Stone — Pyramided 
Tin Ore — [Sn 0^], which contains traces of Iron, Manganese, 
Tantalic Add, and Silica ; as a constituent in most Tantalites, 
and numerous other minerals, containing Titanium and Uranium. 
It very rarely occurs in furnace products, unless Tin Ores have 
been smelted, and then portions of it will be found in the slags. 
When Tin F^tes accompany an ore of Copper, and cannot be 
separated in a pure state by reduction, a quantity of Tin will 
necessarily be detected in the first products of the copper smelt- 
ing, particularly in the BiAstein. 
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EaBominationfor Tin. 

Tm is readily recognized in Tin Pyritee, by exposing a small 
piece of the mineral to the oxidating flame, on charcoal. The 
assay at first exhales a sulphurous acid smell, afterwards becomes 
snow white on the exterior, and a white coating is perceiyable on 
the support surrounding the specimen ; this sublimate is so pro- 
fuse, that the charcoal is not seen in any part between it and the 
metallic bead. This deposit is not expelled in either flame ; in 
other respects, its comportment is similar to the oxide of tin. 

The tin can be separated from this mineral, in the metallic 
state, by roasting alternately in the oxidating and reducing 
flame, then pulverizing the mass in an agate mortar, with 
double its quantity of a mixture consisting of 100 parts soda, 
50 parts borax, and 30 parts silica, and heating the whole 
on charcoal in the reducing flame, until the tin and copper 
are reduced to a globule. In this treatment the whole of the 
copper becomes reduced, but only a portion of the tin, the rest 
remaining dissolved in the glass with sesquioxide of iron. The 
cupriferous tin bead, which is friable if too small a quantity of 
tin is not present, must be separated, and what remains treated 
with soda in a strong reducing flame, by which means the rest of 
the tin becomes reduced, and is obtained in particles, by pulveriza- 
tion, and sifting with water. The cupreous globule, when heated 
upon charcoal with microcosmic salt in the oxidating flame, ftues, 
and the resulting glass, when cold, has a reddish color, owing to 
the presence of suboxide of copper. 

With the stanniferous Bohstein, the treatment is the same as 
above. Tin Stone behaves like the oxide of tin, with this dif- 
ference, that it imparts the color of iron to borax and microcosmic 
salt, and often afibrds the manganese reaction with soda on the 
platinum wire. 

The best method for the detection of tin in Tantalites and Tin 
Slags is by reduction with soda; but in such a case it is necessary 
to add a small portion of borax, to dissolve the tantalic combina- 
tions, and prevent the reduction of the iron. A&er the comple- 
tion of such a process, the tin is obtained by pulverization and 
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sifting. To be convinced that the metallic particles obtained are 
tin, dissolve protoxide of copper in microcosmic salt, add some of 
them to ihe flux, and then heat the whole upon charcoal in the 
reducing flame. If tin is present, the glass will be colored reddish 
on cooling. 

§ 17. ANTIMONY— S\y— Presence in the Minsrcd Kingdom, and in 
the products of Smelting Furnaces. 

Antimony is found in nature : — 

a. Metallic, combined with other metals ; namely, with a little 
Silver and Iron, in Native Antimony [Sb] ; ^th Silver, in 
Antimoniai Silver ; and with Arsenic, in Arsenical Antimony ; 

b. With Sulphur, and Sidphides of other metals; exempli 
gratia, per ae, in Orey Antimony, which generally contains 
Lead, Copper, Arsenic, and Iron ; with Iron, in Berihierite ; 
with Nickel and Arsenic, in Nichdiferous Orey Antimony ; 
with Lead and traces of Iron, Copper, Bismuth, and Zinc, in 
Jamesonite; with Lead, Copper, and Iron, in BoumonUe; with 
Lead, and a trace of Copper, in Zinkenite; with Lead in Anti- 
moniai Lead Glance ; with Silver and Copper, in MelanrQIance ; 
with Silver, Copper, and Iron, in Miargyrite ; with Silver, in 
Dark Ruby Silver — Mhomboheflral Rvby Blende ; — sometimes 
with Silver and Arsenic, in Light Rvby Silver ; contaminated 
with Arsenic, Silver, and Iron, in Arsenicai Silver ; also, more 
or less, in the following argentiferous minerals : namely, with 
Silver, Copper, Iron, and Zinc, in WeiesgiUigerz and QraugHti- 
gerz ; witih Copper and Silver, in Antinumial Orey Copper ; 
with Copper, Arsenic, Silver, Iron, and Zinc, in Orey Copper — 
Tetrahedral Copper Olance ; — and in a very minute quantity, 
with Copper, Iron, Silver, and Arsenic, in Kupferblende ; 

e. As an Oxide, in White Antimony [Sb 0'] ; which is 
sometimes contaminated with Sesquioxide of Iron; and with 
Sulphide of Antimony, in the Red Antimoniai Ore [Sb 0' -f- ^ 
(Sb, 8 S) ] ; 

d. As Antimonious Acid, in Antimoniai Ochre [Sb 0*]. An- 
timony forms a small ingredient in many Argentiferous and 

p 



210 EXAMINATION FOR ANTIMONT. 

Flombiferous fiiriiaoe products, when the smelted or amalgamated 
ores are not free from Antimonial Silver or Lead Oree. This 
dass indudeB WorkcMe Lead, AmcUgamai&d Metals, and the 
AbstridMei, which hold it in a metallic state ; furthar, tlie 
Rohsteifiy Bleigtein, Kupferstein, and Lead Bakings, in which 
it is found as a Sulphide ; and the Abstrich, in which it exists 
as Antimonious Add, in combination with oxide of lead. Anti- 
mony is also met with in Flagionite, Fahlerz, Geokronite, Eil- 
brickenite, Eobellite, Antimonbloom, Antimonocker, and Romeite. 

Examinatianfor Antimony. 

The examination for antimony is not veiy difficult, as it can 
be detected in most combinations in which it occurs in a metallic 
state, by two methods ; namely, — 

a. Upon charcoal ; when the antimony volatilizes, and the 
support is coated with a white sublimate ; and, — 

b. In an open glass tube ; when antimonial frmies are eyolved, 
consisting of oxide of antimony and antimonious acid, whidi 
condense in the upper part If the treatment occurs with metal- 
lic compounds, or metallic sulphides, in which the antimony is to 
be sought for, — as, for example, in the minerals above mentioned, 
where the antimony is contained as a metal, and in furnace pro- 
duets, the Workable Lead, the raw amalgamated metals, the 
Abstriciblei, the Roh-, Blei-, and Kupferstein, and the Tutty, — 
the examination according to the first method must be perfonned 
as follows : A fragment of Workable Lead, raw amalgamated 
metal, or Abstrichblei, is taken, — ^the other products and minerals 
are best employed in a powdered state, — and placed in a smooth 
cavily made in the charcoal, and then submitted to a weak re- 
ducing flame. By holding the support in an horizontal position, 
if any arsenic be present, it will volatilize, if not in combination 
with nickd, and coat the charcoal with a white or grey sublimate, 
at a great distance from the assay. Should no arsenic be present, 
there will be produced a slight deposit of oxide of antimony. 
When no more arsenical vapor is evolved, the flame is to be 
directed upon the sublimate, without igniting the charcoal ; by 
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this procedure the whole of the arsenic is expelled, and a clear 
surfiice remains, upon which the antimonial deposit is recognizable. 
If an operator treats a powdered assay in the reducing flame, it 
may cohere into a bead ; but this will only occur when the sub- 
stance is very fusible. When the latter is the case, the oxidating 
flame must be brought into action. This deposit is white, when 
no lead is present, and can be driven from place to place, either 
by the oxidating or the reducing flame ; if the reducing flame is 
employed, it assumes a slight dark blue appearance, which is 
characteristic of the presence of antimony. If the substance 
contains lead, a yellow suUimate of the oxide of this metal is 
also obtained, which rests at a greater distance from the assay 
than the antimonial one, and when in thin layers, appears bluish, 
thus resembling a sublimate of antimony in the same dissemi- 
nated state. When mudi antimony is present, the lead does not 
impede the determination, but if, on the contrary, the sample con- 
tains a large amount, an operator must not Uow for too long a 
time upon it ; if this precaution be obserred, only a white antimo- 
nial sublimate results, as the lead is not expelled unless by a long 
unintOTTupted blast The deposition of lead mi^ be entirely pre- 
yented by the addition of some vitrified boraoc add to the sub- 
stance under examination ; when this mixture is acted on in the 
redudng flame, the oxide of lead formed is absorbed by the boracic 
add, while the greater portion of the antimony volatilizes, and 
coats the charcoal with its oxide. The antimonial lead globule must 
not be kept in the centre of the molten mass, but only in contact 
with it, because the antimony, in the former case, is vaporized 
with difficulty. If the substance contain zinc, a sublimate of this 
metal is also obtamed, which is readily distinguished from that of 
antimony, by not bdng volatilized in the oxidating flame. 

Minerals and furnace producto containing antimony, as an 
oxide or add, can also be partly investigated in the above man- 
ner, but a distinct sublimate is not always procured ; particularly 
if the oxide of antimony, or antimonious add, be disseminated or 
combined with other bodies. When this occurs, the assay should 
be mixed with soda, and treated on charcoal, in the redudng 
flame, when the antimony volatilizes and coats the support with 

p 2 
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an oxide, which is veij distinct, even when a minute quantity of 
antimony is oontamed in the sample. If the antimonious acid be 
in combination with much oxide of lead, which is the case with the 
Abitrieh, the manipulator must not blow for any length of time, 
so as to prevent the volatilization of much lead. Combinations 
of oxides of tin and antimony, or antimonious acid, which do not 
occur in nature, must be treated with a mixture of soda and 
borax, on charcoal, in the reducing flame. The oxides are re- 
duced and separated in small limpid metallic globules, which must 
be sifi;ed from the recrementitious particles, and then heated on 
charcoal, with three times their volume of proof lead, and a small 
portion of vitrified boracic acid. If the assay be treated in the 
reducing flame only, antimony volatilizes, and coats the charcoal 
with a sublimate ; the tin oxidizes, and covers the metallic button 
with a deposit, which dissolves with a part of the lead in boracic 
acid. The antimonial sublimate is freed from oxide of lead by 
this procedure, and can therefore be readily recognized. The 
oxide of tin, which deposits on the molten button, resembles the 
formation of oxide of nickel upon a nickeliferous lead globule ; 
but as tin and nickel behave perfectly diflerent towards borax, it 
suffices when the presence of the former is determined. 

The second method for the detection of antimony, when in a 
metallic state in its combinations, is the following : — ^The sub- 
stance IB heated in a glass tube, whereby the antimony oxidizes 
and sublimes, forming a white fume, the behavior of which varies, 
according to the diflerent metak with which the antimony is in 
combination. If the metals are readily oxidizable, antimonious 
acid fumes will be expelled, which are very stable, and not acted 
upon by heat # 

The fume which escapes from a sQver or copper c(Mnpound, 
partly passes off*, and partly deposits on the upper part of the tube. 
That which escapes possesses an acid smell ; but, if sulphur hap- 
pens to be present, the odor of sulphurous acid will predominate. 

If the substance contains lead, an exhalation also ensues, which 
is very dense. The portion which volatilizes may be regarded as 
pure oxide of antimony ; and the nonvolatile portion, as anti- 
monite of lead 
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That this method is not applicable to the examination of 
readily fasible metallic alloys, is easily understood ; for, on melt- 
ing, they flow out from the tube, which is held obliquely. 

When the substance is in combination with sulphur, it escapes 
as sulphurous acid, which is recognized by its characteristic odor ; 
and in this case, if only a small portion of antimony be contained 
in the assay, antimonious add will often be generated, and no 
oxide of antimony. If the substance contains much arsenic, the 
antimonial vapor will be very profuse ; but, as the crystals of 
oxide of antimony and arsenious acid combine, they caimot al- 
ways be distinguished from their appearances. When this en- 
sues, it is preferable to examine on charcoar,as previously described. 

Combinations of oxides of antimony, or antimonious acid, and 
other bodies, cannot always be examined with certainty in an 
open glass tube : for antimony, it is always better to employ the 
procedure with soda, on charcoal 

§ 18. MOLYBDENUM— Uo— Presence in the Mineral Kingdom. 

It is found — 

a. Metallic, combined with Sulphur, in Bhambohedral Molyb- 
dena Glance [Mo 2 S] ; 

b. As Molybdic Add [Mo O'], per «^ as a yellow coating upon 
the Sulphide of Molybdenum, and with Oxide of Lead, in Gelb- 
Bleierz — Molyhdate of Lead, — BoussmoAULT found, in Boiie 
Molybdate of Leady from Paramo-Bico — ^near Pamplona, in 
South America, — ^Lead, Molybdic Add, Carbonic Add, Hydro- 
chloric Add, Phosphoric Add, Chromic Acid, Sesquioxide of Iron, 
Alumina, and Silica. 

EaDamination for Molybdenum. 

The molybdenum in Molybdena-Glance is detected by means of 
microcosmic salt upon the platinum wire. This flux appears at 
first not to dissolve any of the mineral, but, after a long-con- 
tinued oxidating flame, the microcosmic bead assumes a greenish 
color, owing to molybdic acid. If the undissolved portion of the 
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aflsaj be removed ^tb a forceps from the molten bead, and what 
remains treated with a reducing flame, the green color wiU be 
yeiy characteristic. Molybdic add, before the Kowpipe, foses on 
charcoal, volatilizes, and imparts to the flame a yellowiah-green 
tinge ; and where the assay rested, a reddish shining metallic 
speck is observed. The acid deposits also a crystalline coating 
upon the charcoal. Sulphide of Molydenum, and also the metal, 
give, without fosing, the same reaction. The green color im- 
parted to borax by molybdic acid remains perfectly tcaosparent, 
after exposure for a very long time to the oxidating flame ; there- 
fore the operator may rest satined that this reaction proceeds 
from no other metallic oxide. 

The Native Molybdic Acid from Bispberg comports itself in 
a similar manner to the pure add, but when treated with soda 
upon charcoal, it is imbibed, and peroxide of tin neiniiag behind. 

Gelb-Bleierz is submitted to the same treatment as the Holyb- 
dena Glance, for the detection of the molybdic acid ; with this 
precaution, that too much of the specimen be not added, or others 
wise a black opaque glass will result 

Merlet's moist method for the detection of molybdenum in 
the foregoing minerals, is the following : powder the specimen, 
and fdse with nitre in a platinum spoon ; molybdate of potassa 
is formed. Dissolve in a porcelain basin with water over a spirit- 
lamp ; decant off the dear solution into another vessel, in order 
to get rid of the residuary matters that perhaps may occur ; and 
then treat the hot aqueous solution with hydrochloric add, and 
inmierse in the menstruum a strip of metallic copper. K only a 
trace of molybdic acid be present, the liquid, where the copper 
rests, will acquire a beautiful blue color, which disappears as the 
solution cools, but is immediately restored by heat Metallic 
molybdenum, which is obtained by fusing the oxide in a crudble 
lined with charcoal, is not fusible before the Blowpipe ; but when 
heated upon charcoal, in the oxidating flame, it becomes oxidized; 
and gradually coating, at no great distance from the assay, the 
support with a sublimate, which in many places, but particularly 
nearest the assay/ is in transparent silky shining crystalline plates 
also iu a pulverulent form. The deposit of molybdic add is, 
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while hot, yellow ; and when cold, white. The crystalline plates 
appear the most beautiful when the assay is kept far £n>m the 
Blowpipe flame; but the beat must be properly regulated for 
their formation. The sublimate can be driven along the charcoal 
by the oxidating flame ; but the place which it leaves appears, 
when perfectly cold, dark copper-red, and shining oxide of molyb- 
denum remains, which is produced by the molybdic add coming 
in contact with the glowing chaicoaL Molybdenum remains in- 
tact in the reducing flame. 

Sulphide of Molybdenum — Molybdena Glance — ^which is also 
infusiUe, affords, in a continued strong oxidating flame, the same 
sublimate as pure Molybdenum, while its sulphur escapes as sul- 
phurous add. 

Molbydic Add fuses very readily, volatilizes in the oxidating 
flame, coating the charcoal with ciystalline add, and copper-red 
metallic shining oxide. Molybdenum possesses, in an oxidized 
condition, the property of tinging the outer Blowpipe-flame ; thus, 
if molybdic add, in a moistened state, be treated on platinum 
wire with the apex of the blue flame, it volatilizes, coloring the 
outer flame yellowish-green, analogous to baryta. The same 
coloration is produced by Molybdena Glance, as may be seen by 
heating a thin fragment of this mineral, held in the platinum 
forceps, in the apex of the blue flame. No fusion takes place, 
but the outer flame assumes a yellowish-green color. 

§ 19. TUNG8TEN---Vf^Preiene$ in the Mineral Kingdom. 

This element exists in nature sb an Acid only, either per se 
[W 0'], or in combination with Bafies, namely : — ^with Lime, in 
SchwerOein—Tungstate ofLime—\Cvk 0, W 0«] ; with Oxide of 
Lead, in Tunggtale of Lead-Scheetbleiepath ; — ^with Iron, and 
Protoxide of Manganese, in Wo^am [Mn 0, W 0^ + 8 (Pe 
0, W 0*) ] — ^its composition has been represented by Bebzeliub 
as follows: [Fe« 0», 2 W 0» + Mn« 0^ 2 W 0«]; further, as a 
very small ingredient in some varieties of TcMkUite, and in Slack 
and Broten YUro-TantaUte. 
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Examination for Timgsten. 



Tangstic add is readily detected in Schwerstein, Wolfram, and 
Tongstate of Lead^in the following manner : Mix a small portion 
of powdered mineral with five times its volume of soda, and heat 
the mass strongly in a platinum spoon. Dissolve the fused assay 
in boiling water, and decant off the supernatant clear liquor, 
which contains tungstate of soda. If this solution be treated with 
hydrochloric add, a white powder depodts, which, when heated, 
assumes a beautiful lemon color. The behavior of the tungstic 
acid in Schwerstein, towards microcosmic salt, has been previously 
given at page 120. 

When the Tantalites are examined in this manner for tungstic 
add, tantalic add, — ^if the tAnt>a1ium is contained as an add, — 
will accompany tungstic add, which prevents the yellow reaction 
when heat is applied to the mixture. Should this occur, the 
white powder must be separated from the solution by filtration, 
edulcorated, and treated with microcosmic salt, as follows : dis* 
solve in the microcosmic salt upon a plantinum wire, so much 
sesquiozide of iron that the glass produced will appear colorless 
or slightly yellow in the oxidating flame, and, when treated in 
the redudng flame, perfectly colorless when cold. Now add some 
of the moist predpitate, and submit the whole, first to an oxidat- 
ing and then to a reducing flame. If tungstic add be present, 
the glass will be tinged, either yellow, red, or blood-red, according 
to the quantity of the substance added. — ^As mistaJkes may arise, 
on account of titanic add affording, with microcosmic salt, a similar 
reaction to tungstic acid, the examination should be extended. 
According to Rose, tungstic acid gives a yellow glass with borax, 
and titanic add, a violet one, which becomes twrbidly tPreaked. — 
This reaction is so exceedingly accurate, that if a tr^ice only of 
tungstic acid be contaminated with the tantalic add, the ferrugi- 
nous microcosmic glass will acquire a yellowish hue. The ope- 
rator must exercise great care in adding the sesquioxide of iron, 
to avoid a blue reaction bdng obtained in the reducing flame. 
As nearly all Tantalites contain more or less sesquioxide of iron, 
this method will very seldom have to be employed, as the reaction 
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is speedily produced by dissolving the pulverized mineral in micro- 
cosmic salt, and treating in the reducing flame ; if tungstic acid 
be present, a transparent dark red bead results. The presence of 
protoxide of manganese, oxides of tin, yttria, and lime, does not 
affect the coloration. — ^Tungstic acid is most conveniently ob- 
tained by decomposing the native Tungstate of Lime, finely pul- 
verized, by hydrochloric acid ; chloride of calcium is formed, and 
tungstic acid precipitates. Dissolved in ammonia, and preci- 
pitated again by acid, tungstic acid always forms a compound with 
the add employed It may be obtained in a separate state, by 
heating the tungstate of ammonia to redness. It is an orange- 
yellow powder, which becomes duU green when strongly heated. 
It is quite insoluble in water, and in acids, but dissolves in alka- 
line solutions. 

Titanic acid, oxide of nickel, and antimonious acid, when com- 
bined with small quantities of iron, give similar reactions with 
microcosmic salt, as ferruginous tungstic acid. 

§ 20. VANADIUM'-^— Pre»mo9 va ths Mineral Kingdom. 

It has been found in an Iron Ore fix)m Taberg ; a Lead Ore 
firom Zimapan, in Mexico, also from Warloch-head in Scotland — 
which is principally Vanadiate of Lead ; — ^in Volborthite, Pea 
Iron Ore, bom Steinlade, near Goslar ; in Mam/ield Copper Slate, 
Hydrophite, and Vanadiate of Lime. The presence of Vanadium 
in Pitchblende most probably arises from the presence of Vana- 
diate of Lime, the recently discovered mineral. 

Vanadium is a very rare element. 

Examination for Vanadium. 

The pyrognostic properties of Vanadiate of Lead are very char 
racteristic On charcoal, before the Blowpipe, it strongly decre- 
pitates, fuses to a globule, then scintillates, giving a regulus of 
lead, and the support becomes coated with a yellow sublimate. 

With microcosmic salt, it gives in the oxidating flame, a reddish- 
yellow, and, after cooling, a yellowish-green glass ; in the re- 
ducing flame, it affords a beautiful chrome-green bead. 



218 EXAMINATION FOB VANADIUM. 

Per sey it fuses when held in the forceps, and presents, on re- 
frigeration, its yellow tinge. 

Vanadium, per $e, on the platinuin wire, in the oxidating flame, 
is converted into vanadic add, which, with borax, gives, while hot, 
a dark yellow, and on cooling, a pale yellow glass. In the re- 
ducing flame, the glass is greenish or brownish, while hot, but, 
on cooling, chrome-green^ — ^it is not colored blue by the addition 
of tin. 

Vanadic acid, with microcosmic salt, dissolves readily, produc- 
ing a reddish-yellow glass, which is, on cooling, pale yellow. It 
acquires a fine transparent green hue in the reducing flame, bnt 
the dark yellow color is recalled in the oxidation. 

With soda it easily dissolves, and is absorbed by the charcoal. 

On platinum foil, it fuses to a deep yellowish-red fluid, which 
becomes crystalline on refrigeration. 

Vanadic acid is distinguished frtmi oxide of chromium by pro- 
ducing a yellow glass on platinum wire in the oxidating flame, 
which is never the case with the latter. 

The following is Seftstbom's method for obtaining the vanadic 
acid from slags or the minerals : — Fuse with an equal part of 
saltpetre, and two parts carbonate of soda, — ^when the temperature 
is very high, vanadiate of soda is formed, — afiPdse the resulting 
mass with boiling water, and neutralize the liquid with nitric acid, 
then add chloride of barium, or acetate of lead, by which a preci- 
pitate of vanadiate of baryta, or lead, is obtained ; treat with sul- 
phuric acid, and then separate the red liquid from the sulphate, 
digest it with alcohol, whereby, under formation of ether, the vanadic 
acid is resolved into the binoxide of vanadium, and the solution 
is blue ; evaporate to dryness, and then heat the residue to strong 
redness to expel the sulphuric acid — ^impure vanadic add remains ; 
smelt it with nitrate of potassa until a portion of the cold sample 
loses its reddish appearance. Dissolve, filter, and immerse in the 
liquid a large piece of chloride of ammonium ; a white predpitate of 
vanadiate of anmionia will appear, which is insoluble in a saturated 
solution of the predpitajit ; filter and edulcorate, first with a 
solution of chloride of ammonium, and then with spirits of wine, of 
specific gravity 0*860 ; dissolve in boilii^ water, containing a few 
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drops of free ammonia, and, upon cooHng, pure vanadiate of am- 
monia is obtained, the salt &om which all the other compounds of 
vanadium are formed. 

From the solution of the vanadiate of lead in nitric add, the 
lead and arsenic can be separated by sulphide of hydrc^en ; the 
resulting blue solution of binoxide of vanadium, on evaporation to 
dryness, yields vanadic add, urith which pure vanadiate of am- 
monia may be formed, by following the foregoing method. 

§ 21. TANTALUM--Tar^NIOBIUM--l^h-^PELOPIUM^Tp— 
Presence in the Mineral Kingdom. 

These three metals are only found as adds in combination with 
bases in the following minerals : — 

Tankdiie, Columbite, Pyrachlore^ Yttro-Tantalite^ Ferguso- 
nitBy SamarsUte, Aesohynite, Euxenite^ Polykrcu, WoMerite, 
EukolUe, and in many Tin-Stones. 

ExaminaUon for Tantalum, Niobium, and Pdopium. 

Tantalic, Niobic, and Pelopic acids, when they constitute the 
chief ingredients of minerals, and when suffident quantities of 
such are dissolved in borax, may frequently be recognised by 
giving an opaque or enamel-like glass by exposure to an irre- 
gular flame, particularly after treatment in the reducing. 

Since Boss has discovered niobium and pdopium in the Colum- 
bite of Bodenmais, the adds of which have several properties in 
common with tantalic add, it is necessaiy, in the examination of 
those minerals which contain these acids, to seek a method 
for their complete separation. The surest way to effect this 
object with their very complex combinations, is to fuse a con- 
siderable quantity of the mineral, as finely pulverized as posdble, 
with bisulphate of potassa, and the fused mass, after having been 
powdered, is dissolved in water. K the mineral contains tantalic 
add, or niobic and pelopic adds, and also, perhaps, tungstic add, 
these are separated by treatment with water, while any titanic 
add present, as well as the bases, is dissolved. 
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The residue can either be fused with carbonate of potassa, or, 
when it is free from titanic add and idrconia, treated at once with 
sulphide of ammonium, to separate the tungstic acid and oxide of 
tin. After filtration and a thorough edulcoration, what remains 
is immediately treated on the filter with dilute hydrochloric add 
to get rid of traces of iron, and now the operator ascertains 
whether he has to deal with tantalic, or niobic and pelopic 
acids. 

For this purpose there are two ways : the first is, to examine 
the residuum, well washed, with microcosmic salt on platinum 
wire, as well as with cobalt solution on charcoal, to ascertain 
whether the microcosmic salt is tinged in the reducing flame, and 
what color the add in question assumes by this treatment The 
add which, for example, separates from the Columbite from 
Bodenmais, or from the I^nx)chlore from Miask, and which con- 
sists of niobic and pelopic adds, affords in the reducing flame a 
brown bead passing into yiolet, by which it is easily distinguished 
from tantalic add, which occasions almost no coloration. 

The second way depends upon some investigations made by 
Rose. As, according to this chemist, tantalic add is predpitated 
of a light yellow, pelopic acid of an orange-yellow, and niobic add 
of a dark orange-red color from the solution of tantalate, niobate, 
and pelopiate of potassa in water, when it is addulated with 
hydrochloric add and then mixed with tincture of galls, the 
examination may be conducted in the following manner : — ^The 
reddual add in question is mixed carefully with five times its 
volume of carbonate of potassa in an agate mortar, and the 
mixture is converted, with a few drops of water, into a pasty 
mass, which is fused in small portions in the loop of a strong 
platinum wire to a dear bead, and every time the loop is full, the 
still hot bead is cast into a small porcelain dish. The fiised beads 
are pulverized, the powder first treated in a porcelain dish with a 
little cold water, to dissolve the carbonate of potassa added in 
excess, and also niobate of potassa, if present, which appears to be 
more easily soluble in cold water than tantalate and pelopiate of 
potassa, and after the whole has been well stirred with a glass 
rod, the insoluble salts are allowed to deposit. If the supernatant 
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liquor appears dear, it is removed by means of a small pipette 
into another porcelain dish, and the salt remaining dissolved in 
boiling water. Both solutions are then acidified with hydrochloric 
acid, and the observation is made whether a strong turbidity or 
only an opalescence thereby ensues, as in the former case niobic 
and pelopic acids, and in the latter tantalic acid are to be 
suspected. A few drops of tincture of galls are then added to 
each, and while stirring, the color of the precipitate must be 
minutely noticed. Niobic acid, from the Bavarian Golumbite, 
which contains pelopic acid, fused in the manner prescribed, with 
carbonate of potassa, and the resulting mass pulverized and 
treated with cold water, gives a solution in which, after it has 
been cleared and separated from the residue, hydrochloric acid 
produces a strong turbidity, and the tincture of galls, subsequently 
added, a dark orange-red precipitate. When the residual salt is 
dissolved in boiling water, and acidified with hydrochloric acid, a 
turbidity results, but tincture of galls produces only an orange-red 
precipitate indicative of pelopic acid. 

When compounds have to be examined, which are firee fix)m 
tungstic, molybdic and silicic acids, for tantalic, niobic, and 
pelopic acids, the substance to be tested, already in a powdered 
condition, can be fused at once with carbonate of potassa in small 
portions in the loop of a platinum wire. The presence of titanic 
acid does not interfere, because the titanate of potassa formed, 
only slightly passes into solution by the after treatment of the 
fused mass with water. Four parts of carbonate of potassa are 
mixed with the substance to be tested, and when the basic con- 
stituent's are in a low degree of oxidation, one part of nitrate of 
potassa is added. After pulverization, the fused mass is first 
treated with cold, and then with boiling water as abeady 
described, and after the solutions have cleared, they are drawn off 
with a small siphon or pipette from the residue of basic consti- 
tuents, which is, at last, mixed with insoluble titanate of potassa 
if titanic acid were present. Each solution is now acidified with 
hydrochloric acid by itself in a porcelain dish, and a few drops of 
tincture of galls added. As before stated, a light yellow precipi- 
tate indicates tantalic acid, an orang&-yellow pelopic acid, and a 
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dark orange-red niobic acid When manganefle is preset, the 
fusion with carb(«iate of potaasa converts it into manganate of 
potaasa, which dissohres in cold water with a green co1<h: ; but as 
this salt, bj the addition of hydrochloric acid is first converted 
into permanganate of potassa, and subsequently into chloride of 
manganesJUTn, with which tinoture of galls produces no precipi- 
tate, it is not prejudicial to the operation. 

If a compound of tantalic, niobic, and pelopic acids contains 
silicious matter, the examination for these acids will answer 
without any alteration for minerals, which can be decomposed 
by hydrochloric add, as Wohlerite and Enkolite: but if not 
decomposible by that acid, it must be fused with soda and 
borax, the mass heated to dryness with hydrochloric acid, and 
afterwards treated with water. The acids remaining undis- 
solved, are then washed on a filter with acidulated water, and 
after being dried and fused with five times their volume of carbo- 
nate of potassa in small portions <mi a platinum wire, the fused 
beads are pulverized and treated as above directed. The presence 
of silicic acid does not throughout prevent the reaction on the 
acids under consideration. 

Both pelopic and niobic acids were formerly prepared by means 
of water bom their chlorides, as other methods were not so 
advantageous. 

But the separaticm of both was incomplete, and even when it 
was repeated in such a way that the chlorides obtained were 
decomposed into their corresponding acids by means of water, and 
these again converted into chlorides by treatment with charooii 
and chlorine, the acids could not be obtained even moderately 
pure, and though t^e operation was repeated twenty or thirty 
times, the result was still unsuccessful. 

Aft^ several laborious but vain researches, Bobb succeeded in 
converting, under vezy peculiar conditions, a small quantity of 
niobic acid, which had been separated from pure niobate of soda, 
into a diloride. It was mixed with an extremely laiige quantity 
of charcoal, exposed to a strong current of chlorine, and subjected 
from the beginmng to a vezy gentle temperature. This experi- 
ment led to the most surprising results. The pure niobic add 



nOBTOH, AXfD PELOPIUM. 223 

gave, instead of the white chloride of niobium, the purest yellow 
pdopic acid, and this could always afterwards be obtained, but 
only by following strictly certain rules of manipulation and pre- 
caution. By the observation of a modified method, the white 
chloride could be obtained from the same acid 

From the preparation of both these chlorides, "Ross concludes 
that the same metal is contained in them as is contained in the 
acids prepared from them by means of water. But these acids 
once formed oannot be ccmverted into one another like their 
corresponding chlorides, or only by a very circuitous process. 

The quantity of oxygen has not, up to the present time, been 
determined directly, but the yeUow chloride of pelopium contains 
more chlorine than the white chloride of niobium, hence pelopic 
add must contain more o^gen than niobic. 

Niobic acid cannot, however, be converted into pelopic, even by 
the most powerful oxidizing agents ; neither does this result 
ensue by either direct or indirect oxidation. The behavior of the 
two adds before the Blowpipe also varies considerably. Such a 
relation is so peculiar, that there is no analogy to it in the whole 
domain of Chemistry. 

It appears, nevertheless, that by some, but only few, reducmg 
means, from the acid analogous to the yellow chloride, a little 
oxygen could be removed. 

The proportion of oxygen in both acids, as deduced from that 
of the chlorine in the chloride, is a very anomalous one, and only 
in the two degrees of oxidation of sulphur, is a similar case found. 

It is still doubtful whether a small proportion of oxygen is not 
contained in the carefrdly prepared white chloride, which may 
therefore be regaarded as an acid salt ; but the quantity of oxygen, 
according to the most exact investigation, is so extremely small 
that it is hoped the chloride will be obtained perfectly free from 
it As, under all circumstances, pelopic and niobic adds are 
oxides of the same metal, these substances must only have one 
appellation. Boss has selected that of niobium. The highest 
state of oxidation jof this metal, formerly pdqnc, must tibus be 
called, niobic add. 
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§ 22. TITANIUM— Ti--Pre$ence in the Mineral Kingdom, and in the 
products qf SmeUing Fumacee. 

It ifl found as an Acid [Ti 0'] per se, and also in combination 
with bases, thus : — 

a. Per 9e^ in Anatasey Arkanrite, Brookite, and Butile ; the 
latter geneiallj contains some Protoxides of Iron and Manganese ; 
— ^Arkansite, according to the examination of Whttnet, is pure 
titanic acid, with only a trace of iron, and not a niobate, as 
inferred by Shephabd, and has the dystalline form and specific 
gravity of Brookite. His trials make the specific gravity 4j-085. 
Its insolubility in acids is strong presumptive proof that it is not 
titanic acid in combination with a base, since all the known 
titanates are soluble in acids ; 

Brookite — Prismatic Titanic Ore — occurs in crystals of a hair- 
brown color, passing into deep orange-yellow, more or less trans- 
lucent ; streak yeUowish-white ; lustre brilliant, metallic adaman- 
tine. Insoluble and indecomposable in boiling hydrochloric acid, 
even when reduced to powder. Alone on charcoal it is infusible, 
but it is entirely soluble, and forms a brownish-yellow glass, with 
microcosmic salt This species occurs with Anatase and Grichto- 
nite, at Bourg d'Oisans, in Dauphine, on the Tete-noire, in Savoy, 
and in large distinct crystals in Snowdon, in Wales. It is, how- 
ever, a rare mineral ; 

b. In combination witii Earths and Metallic Oxides ; as with 
Lime and Silicate of lime, in Titanite and Sphene ; with Lime, 
Protoxides of Cerium, Uranium, Iron, Manganese, Tin, ei cetera, 
in Pyroddore ; with Zirconia, Tttria, Oxides of Cerium, Iron, 
Calcium, and traces of Potassa, Magnesia, Silicic Acid, and Oxide 
of Tin, in Polymignite; with Protoxide of Iron, in many rich 
slags, exempli gratia, in Titaneisen, Crichtonite, Menaccamte, 
Nigrin, leerine, Ihnenite, Volcanic Iron, Eisensand ; and in all 
refractory Iron Ores whose slags are of a vitreous nature ; 

^. As a very small ingredient in some minerals, it is found in 
Cymophane, Kyanite, Achmite, and in some varieties of Mica. — 
Titanium occurs likewise in Perowskite, Polykras, Aeschynite, 



EXAMINATION FOR TITANIUM. 225 

Euxenite, Yttrotitanite, Oerstedtite, Tschewknite, and Mosan- 
diite. 

When Titantiferous Iron Ores are smelted, the Titanium some- 
times separates in the metallic state, and is observed upon the 
slags in small copper red crystals. It has been seen in beautiful 
perfect cubes upon a slag obtained from the smelting works near 
Frankfort-on-the-Maine. 

Exaimination for Titanium. 

The titanium contamed in Anatase, Rutile, Titanite, and 
Sphene, can be detected by the behayior of these minerals with 
fluxes ; id eety the first two comport themsdves with borax, 
microcosmic salt, and soda, like titanic acid, the other two afford 
only the titaniferous color with microcosmic salt. In other 
minerals, where titanium forms an ingredient, it is somewhat dif- 
ficult to detect it by the aid of the fluxes, as the other metallic 
oxides in combination hinder the reaction. If, however, ferrugi- 
nous titanium ore be dissolved in microcosmic salt, and the glass, 
which exhibits the color of sesquioxide of iron only, treated for a 
long time in the reducing flame, a more or less brownish-red 
tinge is imparted to the assay, similar to that produced by ferru- 
ginous tungstic add. The intrinsic quantity of titanium present, 
is deduced firom the depth of color assumed by the glass. If the 
quantity present be great, the characteristic reaction of oxide of 
titanium — ^titanic oxide — ^will be obtained by treating with tin in 
microcosmic salt upon charcoal ; but if only a small portion be 
present, this end is not attainable. Titanium, when forming an 
essential or appreciable ingredient in minerab, may be detected by 
a very simple method, as follows : — Fuse gradually the finely pul- 
verized mineral in a platinum spoon, with from six to eight times 
its volume of bisulphateof potassa ; dissolve out in hot water, — ^tem- 
perature about 200*8"* Fahr.= 93*8'' C, — and allow the solution to 
subside ; decant off the clear supernatant liquor into a flask con- 
taining more hot water, and boiL If the mineral contained even 
small quantities of titanium, it will be deposited as a white 
powder, — ^titanic add, — provided iron is not present in the state 

Q 
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of protoxide, otherwise it will have a yellow tinge, probably from 
holding some of the iron in combination. This precipitate is to 
be separated by filtration, and examined, without being edulco- 
rated, with microcosmic salt, either on a platinum wire or char- 
coal. If the quantity be so small that no violet color is imparted 
to the microcosmic salt, the operator must add to the assay, 
treated on the wire, a small quantity of sesquioxide of iron, and 
when heated on charcoal, a piece of iron wire, and then heat the 
glass for some time in the reducing flame ; it will appear, while 
hot yellow, and upon cooling red, analc^ous to oxide of nickel, 
or ferruginous tungstic acid. This reaction is produced immedi- 
ately by the yellow precipitate, when heated with microcosmic salt 
in the reducing flame. 

When such a precipitate is dissolved in borax, the iron has no 
effect upon the color produced by the titanic acid 

Should the operator not be perfectly convinced of the absence 
of tungstic add, the method with bisulphate of potassa will be 
the most decisive for the detection of the titanium, as the titanic 
acid is "precipitated on boiling the solution, — and any tungstic 
acid remains dissolved, — and can then be treated with microcosmic 
salt, as previously given. 

If Polymignite be smelted with even ten times its volume of 
bisulphate of potassa, and the fused mass treated with warm 
water, little or no titanic acid is dissolved ; it remains behind, 
witt zirconia and traces of protoxide of iron, as a white volumin- 
ous mass, and can readily be recognized by collecting on a filter, 
and then treating some of the precipitate with microcosmic salt. 
The metallic titanium found in ferruginous slags dissolves with 
difficulty in borax, but is pretty readily soluble in microcosmic 
salt The crystals which the German author applied in this 
research h^ been examined under the lens and considered as 
pure, but the yellow microcosmic salt glass was, in the reducing 
flame, neither/;^ se, nor with the addition of tin, of a fine violet 
color, but somewhat reddish, like the ferruginous titanic add. 
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§ 28. CHROMIUM— Or—Presence in the Mineral Kingdom. 

Ghromium occurs only in an oxidized state in nature, thus : — 

a. As Oxide [Cr^ 0'] in a mechanical mixture with Quartz and 
various kinds of primitive rocks, in Oxide of Chrome, or Chrome 
Ochre; as Oxide, with Protoxide of Iron, Alumina, and Mag- 
nesia, in Chromate of Iron — Chrome Iron Ore — [Sgo} + 

{ai'o»J ; 

b. As Chromic Add [Or 0'] with Lead, in Chromate of Lead, 
and with Lead and Oxide of Copper in Vauquelinite. In addi- 
tion to these, Oxide of Chromium and Chromic Acid form an ex- 
traneous ingredient in many Silicious combinations, to which 
many of them owe their beautiful green or blood-red color ; as 
the precious Emerald, the Pyrope, et cetera. 

Traces of Chromic Acid are present in Schiller Spar, and in 
some varieties of Serpentine. Chromium is also met with in 
Ilmenite, Wolchonskoite, Uwarowite, Pprosklerite, Miloschine, 
Spinele, Chrysoberyle, Bothbleierz, and Melanochroite. 

Examination for Chromium. 

The presence of chromium in most of the above minerals is 
readily detected by their behavior with borax and microcosmic 
salt before the Blowpipe, the bead being of a beautiful green when 
perfectly cold. This color is produced by minerals which contain 
neither lead nor copper, particularly after treatment in the 
reducing flame. When the minerals contain oxides of lead or of 
copper, exempli gratia, Chromate of Lead and Vauquelinite, the 
glass bead affords, in the reducing flame, a grey or red color, the 
peculiar green of the Chromium being completely destroyed ; in 
consequence of this, attention should be paid, in the examination 
of such minerals, to those colors only which they produce in the 
oxidating flame. 

Minerals which contain little chromium, and a large quantity 
of other metals that yield coloring oxides, and afford no satisfac- 
tory chrome reaction with borax and microcosmic salt, can be 

q2 
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examined for chromium in the following manner. A siAall frag- 
ment of the mineral is first powdered as fine as possible, the pow- 
der mixed with three times its volume of saltpetre, and the mix- 
ture fiised with the aid of the Blowpipe, either on the platinum 
wire or in a small platinum spoon. Ghromate of potassa is thus 
produced, and may be dissolved in water in a porcelain capsule, 
over the spirit-lamp. If the dear solution be poured off* from the 
insoluble metallic oxides into another capsule, supersaturated with 
acetic acid, and a crystal of acetate of lead, then laid in it, the 
latter dissolves, and the chromic acid instantly combines with the 
oxide of lead, forming a beautiful orange-yellow powder, which 
precipitates, and, after filtration, yields with borax or microcosmic 
salt, in the oxidating flame, a beautifrd green glass. Even small 
traces of chromium may be detected in this manner. If the sub- 
stance examined by this method for chromium should contain 
sulphur or sulphuric add, — which is not, however, present in the 
natural compound, — ^the chromate of lead will be contaminated 
with sulphate, and the yellow color will be lighter in proportion 
to the quantity of the sulphate present. Silicates that contain 
only a little chromium, and much iron or other metals yielding 
colored oxides, and which afford with fluxes only the peculiar 
tinge of iron or of the other metals, cannot be examined for 
chromium by the foregoing method, silicious combinations not 
being decomposed by saltpetre, but requiring a different treat- 
ment ; such as the following : — The findy pulverized mineral is 
to be fiised to a bead on charcoal, with from one to one and a 
half parts of soda, and half a part of borax ; the bead pulverized, 
treated with hydrochloric acid, and evaporated to dryness. The 
resulting dry mass is to be dissolved in water, the silicic acid 
separated by filtration, a few drops of nitric acid added to the 
solution, in order to convert the protoxide of iron into the sesqui- 
oxide, and the oxides of chromium, iron, and alumina, et cetera, 
precipitated by ammonia. This precipitate, after being collected 
on a filter, must be fiised with saltpetre ; chromate of potassa is 
thus obtained, which may be decomposed by acetate of lead, in 
the mamier already described. 

The silicates colored blood-red by chromic acid, namely, the 
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Pyrope and SpineUe^ fix)m Ceylon, possess the property of becom- 
ing black and opaque by simple heating, but during the refrigera- 
tion, they become, by transmitted light, gradually yellowish on 
chrome-green, then almost colorless ; and when perfectly cold 
they re-exhibit their original color. Those silidous combinations 
which are colored red, both by chromium and iron, are also ren- 
dered opaque by calcination, but, on cooling, immediately recover 
their redness and transparency. 

§ 24. TELL URIUM—Te— Presence in the Mineral Kingdom. 

Tellurium occurs in nature only in the metallic state ; thus, — 

a. As NaMve Telltmum [Te], which contains a little Gold 
and Iron ; 

b. With Gold and Silver, in Graphic Tellurium, from Nagyag; 
with Lead, in Black Tellurium^ mechanically mixed with Tel- 
luride of Gold, and sometimes Sulphides of Silver, Copper, and 
Antimony; with Bismuth, a little Sulphide of Bismuth, and 
Selenium, in Telluric Bismuth ; with Silver, Lead, and Gold, in 
Yellow Tellurium ; and in a compound of Bismuth, Lead, Cop- 
per, and a little Nickel, in the Needle Ore from Siberia. 

Examination for Tellurium. 

A substance may be examined for tellurium either on charcoal 
or in a glass tube, open at both ends. In the first case, a white 
sublimate, with a reddish border, is obtain^ by heating the 
mineral in either flame, and which disappears, with a beautiful 
bluish-green tinge, when the reducing flame is directed on it. 
When the mineral is rich in tellurium, it tinges the flame bluish, 
while subjected to the action of the reducing flame. If the assay, 
thus treated, gives off the odor of horseradish, it contains selenium. 
If the mineral contains lead or bismuth, and the operation be per- 
formed on charcoal, the pure sublimate of oxide of tellurium is 
never obtained when the blast is continued for a few seconds too 
long, but, on the contrary, will always be contaminated with 
oxide of lead or bismuth. It will^ in consequence, be safer to 
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pulverize the substance, mix it with an equal bulk of glacial 
boiacic acid, place it on a broad charcoal support, and treat it in 
the reducing flame. The oxides of lead and bismuth thus formed, 
notwithstanding the action of the reducing flame, will be dis- 
solved by the boracic acid, and will not produce a sublimate ; 
while the tellurium volatilizes, and alone coats the charcoal 
Should the mineral, at the same time, contain a large quantity of 
selenium, a portion of it will also be deposited on the charcoal, 
and the tellurium cannot then be well recognized. In such a 
case, it is always better to perform the operation in a tube open 
at both ends. 

If the operation is performed in a glass tube in a similar man- 
ner to Antimony, a strong white vapor is obtamed from telluri- 
ferous minerals, which deposits as a pulverulent oxide on the glass, 
and, by heating, fuses on the same part of the tube on which it is 
deposited to clear colorless drops, which may be more closely ex- 
amined with a lens. Should selenium be present, however, a 
trace of selenite of tellurium will be formed, which also melts into 
dear colorless drops, incapable of being distinguished from pure 
oxide of tellurium by the unaided eye. 

When the telluriferous metal contains much lead, a sublimate 
is obtained, which appears grey close to the assay, and white at a 
distance from it. The white portion can be fiised to colorless 
drops, and is oxide of tellurium ; the grey, on the contrary, does 
not frise like oxide of tellurium, but exhibits a somewhat changed 
appearance, and forms only a semifiised greyish coating on the 
glass. According to Bebzeutjs, this substance is tellurate of 
oxide of lead. 

Ifbismuih be also present in the telluriferous metal, it remains 
behind, while the tellurium volatilizes and deposits in the tube. 
By continued treatment in the flame, it oxidizes, but the sur£GM» 
of the bead is coated with frised brown oxide of bismutL 

§ 26. A R8ENIC^A&— Presence in the Mineral Kingdom, and in the 
products of Smelting Furnaces. 

Arsenic is found very abundantly in nature. It occurs : — 
a. Metallic, either per se^ or in combination with other metals ; 
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namely, as Native Arsenic [As], which generallj contains traces 
of Antimony and Iron; with Cobalt, in Speisscobcdty which often 
contains traces of Iron, Copper, and Sulphur ; with Nickel, in 
Arsenical Nickel — Kttpfemickel — which sometimes contains 
traces of Iron, Lead, Cobalt, Antimony, and Sulphur ; with a 
lesser proportion of Nickel, in Weismickelkies, fix)m Schneebeig ; 
with Antimony, in Arsenical Antimony — Arsenik-Speisfflanz ; 
— with Bismuth, in Bismuth Blende ; and with Silver, Iron, and 
Antimony, in Arsenical Antimonial Silver. 

b. With Sulphur, both per se and combined with other Sul- 
phides ; namely, per se, as Sulphide of Arsenic, red [As S*] — 
Realgar ; yellow [As S^] — Orpiment ; — ^with Iron, in Arsenical 
Pyrites ; with Cobalt and a little Iron, in Bright White Cobalt; 
with Nickel and Iron, in Nickel Glanz ; with Copper, Antimony, 
Iron, and Silver, in Grey Copper — Fahlerz ; — ^wiih Silver and 
a little Antimony, in the light red variety of Buby Siher — 
Argent Bouge Arsenic, Necker ; — ^with Nickel and Antimony, 
' in Antimonial Nickel — Nickelspeiss-glanzerz ; — and with Cop- 
per and Iron, in Tonnantite, 

e. As an Acid ; thus, — ^as Arsenious Acid per se in Oxide of 
Arsenic — Arsenikbliithe — {As 0'] ; and as Arsenic Acid and 
Arsenious Acid, combined with other bodies ; namely, as Arsenic 
Acid, with Lime and Water, in Pharmacolite ; with Oxide of 
Cobalt and Water, in Cobalt Bloom ; with oxide of Copper and 
Water, in Condurrite, Euchroite, Erinite, Bhomboidal Arse- 
niate, and, accompanied by Alumina, in Liroconite ; with (hdde 
of Nickel and Water, in Nickel Ochre, which often contains 
traces of Oxides of Cobalt and Iron, and Sulphuric Acid ; with 
Protoxide of Iron and Water, in Scorodite ; with Protoxide 
and Sesquioxide of Iron, and Water, in Cube Ore, or Arseniate 
of Iron, from Cornwall ; with Oxide and Chloride of Lead, in 
Arseniate of Lead, from Johann Oeorgenstadt and Cornwall, 
which also contains traces of Iron and Phosphoric Acid; and 
with Oxide and Basic Sulphate of the Oxide of Iron, together 
with Constitutional Water, in Pitchy Iron Ore, or Eisensinter ; 
lastly, as Arsenious Acid, combined with Oxide of Cobalt, in a 
pulverulent substance from Schneeberg. 
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As many of the above mentioned Arsenic combinations, partly 
per se, and partly in combination with other substances, are sub- 
jected, on a great scale, to operations for the reduction of the 
metals which they contain, and as Arsenic is a metal which is 
veiy difficultly separated in the dry way from a number of other 
metals, it must form more or less a constituent of the Dressed 
Ores, and of the various intermediate products of the smelting 
operation. To the latter belong especially the products which 
are obtained in Arsenic Smelting Works, as well as many of those 
which are obtamed in Silver Works, as Bokstein, Bleistein, Tutty, 
Abstrich, et cetera, and also the Speiss produced in Cobalt Smelt- 
ing Works, and often even the SmaU, 

Examination for Arsenic. 

The examination for arsenic is in most cases veiy simple. It 
should, however, be ascertained whether the arsenic exists in the 
compound in a metallic state, or as an acid. Native Arsenic is 
instantly recognized by the alliaceous odor which it exhales in 
volatilizing, when treated on charcoal before the Blowpipe. In a 
glass matrass, it sublimes in a metallic state, leaving a nonvolatile 
metallic mass behind, which, by fusion with lead and cupellation 
on bone ashes, sometimes yields a button of silver. The combi- 
nations of arsenic with sulphur, as Bealgar and Orpiment, bum 
with a whitish-yellow flame, when ignited by the aid of the 
Blowpipe on charcoal, and give off a dense greyish-white vapor, 
which smells like garlic, and deposits in part on the charcoal. 
In a flask it fuses, boils, and sublimes. The sublimate is trans- 
parent, and of a dark-yellow or red color. Heated in an open 
glass tube, it bums and deposits white arsenic on the upper side 
of the tube ; at the end of the tube, held upwards, the smell of 
sulphurous acid is readily recognized. Metallic arsenic is best 
obtained from sulphide of arsenic by the following method : — ^The 
compound is first decomposed in an open glass tube into arse- 
nious and sulphurous acids, the former deposits in a crystalline 
form in the tube, and the latter escapes. For this purpose, the 
tube must be held obliquely, and heated a very little above the 
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specimen under examination, in order that the ascending vapor 
may pass' over the hottest part of the tube, and be thus perfectly 
burned. The glass tube is then to be drawn out dose to where 
the ar^enious acid has collected, the latter forced into the part 
thus retracted, and reduced with charcoal, by the method which 
will be more fully treated of hereafter, for the reduction of 
pure arsenious acid to the metallic state. Most of the com- 
binations of arsenic with other metals possess this property, that 
when a small portion of them is placed on charcoal and heated in 
the reducing flame, a part of the arsenic immediately volatilizes, 
and covers the charcoal with a white coating. When the quan- 
tity of arsenic present is considerable, a dense greyish-white 
smoke ascends from the assay, which difiuses itself, and may be 
readily recognized, even at a considerable distance, by its allia- 
ceous smell ; but if the quantity is inconsiderable, the above 
vapor is not always seen during the blowing, nor the arsenical 
smell experienced. In this case, the red hot assay should be 
brought close to the nose, in order that the arsenic escaping may 
be recognized by its peculiar smelL If a small quantity of arsenic 
is combined with a metal from which it is with difficulty sepa- 
rated, as with nickel, the compound should be melted with proof 
lead in the oxidating flame, and the smell observed, to ascertain 
if arsenic is volatilized. 

Many compounds of arsenic with metals aSbrd metallic arsenic 
when heated in a glass flask ; instance some varieties of Speiss- 
cobalt, WeissnickeUdes, Arsenical Antimony, e6 cetera; while 
others yield none, exempli gratiay Arsenical Nickel — Eupfer- 
nickeL All the metallic arsenides which occur in nature, when 
heated in an open glass tube, yield arsenious add, which sublimes 
in combination with oxide of antimony, when the latter metal is 
present in the substance under examination. 

K a metallic compound yields no arsenical smell when heated 
on charcoal per se, or with proof lead, and gives no sublimate of 
arsenious add in an open tube, the presence of a minute trace of 
arsenic may still be detected by the following method : — 

Friable metallic compounds, and such as can be reduced to 
powder, should be pulverized, and of the nonpulverizable, a por- 
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tion suffident for an assay should be filed off. Artificial nickel- 
iferouB alloys, prepared on a laige scale, do not require redne^ 
tion to a finely divided state, as they are obtained either in a fine 
powder, or as a slightly adhering, easily pulverizabk mass ; 
melted nickel, on the other hand, German silver, and similar 
compositions, must be divided in this way. From 75 to 100 
milligrammes of the metallic powder are then to be mixed in an 
agate mortar, with firom five to six times as much saltpetre, and 
the mixture strongly ignited on a platinum spoon in the oxidating 
flame — see p. 81 — ^by which means the metals are oxidized, and 
the arsenic acid formed is combined with the free potassa of the 
saltpetre. The fused mass is then removed, the spoon placed in 
a porcelain cup, water poured on it, and the whole warmed over 
the spirit-lamp, by which treatment the arsenic acid formed, the 
carbonate of potassa, and the remaining undecomposed nitrate of 
potassa are dissolved. K the metal to be examined contains 
sdnc, lead, tin, or bismuth, slight traces of these metals will be 
present in the solution, as free potaasa dissolves the oxides of 
these metals ; these traces do not, however, hinder the recogni- 
tion of the arsenic. The solution, which should be somewhat 
concentrated, \b then diluted, without being separated firom the 
residue, with spirit of wine, and powdered tartaric acid dissolved 
by a moderate heat in the alcoholic solution, after decantation 
firom the residue, until it affords the acid reaction on litmus paper. 
The bitartrate of potassa formed should then be allowed to 
deposit firom the liquid in which it is insoluble. If the solution 
appears clear, it is to be carefiilly poured off firom the precipitated 
salt into a porcelain basin, a small crystal of nitrate of silver 
placed in it, and the whole heated over the lamp. Should the 
solution contain arsenic acid, it combines with the oxide of silver, 
forming an insoluble arseniate of silver, which falls to the bottom 
as a brownish-red powder, but if the solution is tree firom arsenic, 
the nitrate of silver dissolves without producing any precipitate. 
Arsenical sulphides, when heated on charcoal in the reducing 
flame, readily yield a strong or a weak arsenical smelL K the 
quantity of arsenic contained in a sulphide be extremely minute, 
neither the vapor nor the smell of arsenic can be perceived. 
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Such subetances, — to which belong ffohsteifiy Bleuteiny Flue-rak- 
ingsy et cetera^ — ^must be pulveiized, the powder mixed with soda, 
and the mixture fused on charcoal in the reducing flame. The 
sulphur is by this means separated, by combining with the radical 
of the soda, while the arsenic is volatilized, and may be recog- 
nized by its characteristic smell. The native arsenical sulphides, 
according to their various constituents, when heated in a bulb 
tube, sometimes yield a little sulphide of arsenic, with much 
metallic arsenic, as Arsenical Iron ; sometimes only sulphide of 
arsenic, for instance. Nickel Glance ; and sometimes no sublimate, 
exempli gratia^ Bright White Cobalt In a tube open at both 
ends, however, they all yield arsenious and sulphurous adds. 

Pure arsenious acid may be tested before the Blowpipe, either 
on charcoal with soda, or by a method which Bebzelius has given. 
The latter method is decidedly the safest, and most accurate when 
small quantities are to be examined. The following is the mode 
of procedure : — ^A glass tube is to be drawn out so that the diameter 
of the elongated part may be equal to that of a strong knitting- 
needle, and the end then sealed up. In order to detect the arse- 
^. nious acid, which may be even less than one milligramme, 

it is to be introduced into the elongated part, forced into 
the extreme end — a, Fig. 45, — ^and a fragment of char- 
coal placed over it, about the size represented hj b c ; 
the part of the tube occupied by the charcoal is then 
heated in the flame of the spirit-lamp, until the charcoal 
becomes ignited, and the part containing the arsenious 
acid gradually introduced into the flame. The arsenious 
acid is volatilized, and on coming in contact with the 
ignited charcoal, is reduced, forming in the cold wide part 
of the tube a deposit of metaUic arsenic When the quantity 
of arsenious acid under invest^tion is extremely minute, 
a black trace of metallic arsenic is only obtained between 
and d. K the part of the tube drawn out be gradually 
heated, nearer and nearer the black trace, the latter may be made 
to form a ring on the glass, and if the part retracted be cut off 
at c, and the part d held in the flame of the spirit-lamp, the 
arsenic may be volatilized, and the peculiar alliaceous smell recog- 
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nizecL This method is £a.r more delicate if cyanide of potassium 
be substituted for charcoal In this case also, other compounds, 
besides arsenious acid, can be examined. 

When the arsenic is present as an acid, combined with earths 
or metallic oxides, three modes can be employed for its detec- 
tion : — 

The first and simplest is, to mix the substance with soda, then 
treat it on charcoal in the reducing flame, and examine whether 
the smell of arsenic is evolved. This test is not, however, suffi- 
ciently delicate in all cases, especially when the arsenical adds are 
combined with metallic oxides, which are easily reduced, and form, 
with metallic arsenic, readily fusible arsenical alloys, which yield 
with difficulty the smell of arsenic. This is more particularly the 
case with oxide of nickel 

The second method for examining the compounds for arsenical 
acids, combined with earths, is to mix the substance with charcoal 
powder, and heat the mixture in a small tube having a bulb blown 
on one end of it, by which the arsenical acids are reduced, and 
metallic arsenic sublimed. Metallic arseniates and arsenites, with 
the exception of arsenite of copper, — ^known in commerce imder 
the name of Soheele's Green, — cannot be examined for arsenic in 
this way, because arsenical alloys are often formed by the bases 
accompanying the add being reduced with it, from which arsenic 
cannot be sublimed. 

To the compounds of the arsenical acids with earths, which 
admit of being examined in this way, belongs, in particular, arse- 
nite of lime, which is often obtained only in exceedingly ^. ^ 
small quantities, in medico-chemical examinations for legal 
purposes. The subjoined method of procedure is advan- 
tageous in such a case : — ^The arsenite of lime is gently 
ignited, then mixed with fresh ignited charcoal, and intro- 
duced into the end of a sealed tube — Pig. 46 — ^a part of 
the closed end of which is elongated, so that the mixture 
fills it up to a. The tube is next heated, gently ^t first, 
in order to drive off the moisture, and then the part a, 
containing the substance, heated in the Blowpipe flame 
until near the fusing point of the glass. The arsenic 
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is by this means reduced, and collects in the narrow part b of 
the tube, where, from the very small surface over which it is 
spread, the most minute traces may be detected. 

The third method for the detection of arsenic in arsenites and 
arseniates having earths or metallic oxides for their bases, is to 
mix the substance with three times its bulk of saltpetre, and pro- 
ceed in the manner abeady described for the examination of 
arseniferous metals, in which the arsenic cannot be detected by 
treating on charcoal in the reducing flame. 



§ 26. SELENIUM— %&— Presence in the Mineral Kingddm. 

It occurs most frequently in the following minerals : — 
With Lead, in Selmide of Lend, or 8den Blei, which often 
affords traces of Cobalt and Iron ; with Copper, in Selenide of 
Copper ; with Silver and Copper, with some earthly matter*, in 
Euharite; with Lead and Copper, in Selenide of Lead and 
Copper; with Lead and Cobalt, in Selenide of Cobah and Lead ; 
with Lead and Mercury, in Selenide of Lead and Mercury ; and 
as a minute constituent in Telluric Bismuthy and in some 
varieties of Swedish Lead Glances. Selenide of Cobalt and Lead 
has much the aspect of Selenide of Lead. It gives ofif when 
heated in a closed tube a sublimation of Selenium, and exhi- 
bits with the fluxes the reaction of Cobalt by coloring them blue. 

Examination for Selmium. 

The examination for selenium is so simple, that even a minute 
trace of it in any metallic compound may be easily recognized by 
the following procedure : — 

A small fragment of the compound is to be ignited on charcoal 
in the oxidating flame, and immediately held under the nose. If 
the substance contains selenium, a strong disagreeable smell is 
given off, similar to decaying horseradish, and which is peculiar to 
this metal If much selenium is present, a reddish vapor is 
evolved before ignition commences, which consists of finely divided 
selenium ; but afterwards, a steel-grey metallic glistening subli- 
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mate is deposited on the charooal, which, on the exterior edges, 
sometimes passes into violet, and in thin layers appears blue. 

Selenium may also he readily separated from its compounds in 
its simple form, hy merely roasting the assay in an open glass 
tube — see page 74 — and, during the operation, inclining the 
tube, in order to oxidize the other elements, when this metal will 
sublime with a reddish color. If the quantity of selenium present 
be pretty large, the part of the sublimate nearest the assay appears 
ahnost of a steel-grey ; small crystals of selenic acid are some- 
times deposited before the red sublimate, but they disappear on 
the application of a veiy gentle heat. If sulphur be also present, 
which is the case with the seleniferous lead glances, sulphurous 
acid will be evolved, and may be recognized at the end of the 
tube either by the smell or by moistened litmus. 

If selenium occurs with tellurium, exempli ffratia, Telluric Bis- 
muth from Tellemarken, which contains selenide of bismuth, and 
if the specimen be subjected to the experiment in a glass tube, 
oxide of tellurium is first given off, and, by continuing the blast, 
the selenium deposits as a red coating between the oxide of 
tellurium and the heated assay. As sulphide of arsenic, however, 
sometimes sublimes in an open tube, like selenium, this experi- 
ment alone does not suffice ; the substance should, therefore, be 
treated on charcoal, by which means it can be instantly decided 
whether the sublimate is selenium or arsenic. 

y. Examination fob Nonmetaluc Bodies and Acids. 

§ 1. OXYGEN^O-^nd HYDROGEN^M^in combination m 
WATER— R O—Presence in the Mineral Kingdom. 

Under this head, no regard is paid to the Water occurring in 
nature, as Bain, Snow, Spring, Lake, and Sea Water, et cetera, 
but to the presence of Water in Minerals, of which it often forms 
an essential constituent. It occurs in large quantities in some 
minerals and hydrates, and may likewise be contained in a 
mechanical state. 

It would be superfluous here to specify all those minerals which 
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contain Water, as this information may be found under each 
described metal. 

Examination for Water. 

This examination is very simple, and is to be performed accord- 
ing to the subjoined directions : — ^The substance is to be placed in 
a small perfectly dry glass flask, — see Fig.' 8, page 1 5,^ — ^and then 
heated over a spirit-lamp. If it contains water mechanically 
retained or chemically combined, it will in the former instance 
be entirely eliminated, in the latter only partly. The aqueous 
vapor will deposit in drops, on the upper part of the vessel, 
where it can be readily seen. If a substance, insoluble in 
water, contain its water chemically combined, an evolution of 
vapor seldom occurs on the first application of the heat ; but if 
the vessel be introduced further into the flame, and strongly 
heated, the water will be liberated, as in the above case. 

During the examination for water, the operator should observe 
all phenomena that take place ; because, by so doing, he may dis- 
tinguish various substances which are analogous to others in their 
outward appearances, exempli ffratia, many substances containing 
sulphuric, phosphoric, or hydrofluoric adds, give off" water, when 
strongly heated, which reacts acid with litmus or Brazilwood 
paper: and sulphates often generate so much sulphurous acid, 
that it can be readily recognized by its characteristic odor. 

Fluorides, when strongly heated, evolve hydrofluoric acid, which 
attacks the glass vessel, — ^this occurs with fluoride of cerium. 

After the water has been expelled from the arseniates, arse- 
nious acid may sublime, as with Scorodite. 

An alkaline reaction with turmeric paper, or reddened litmus 
paper, indicates the presence of ammonia. 

Decrepitation and change of color must also be carefully ob- 
served by the experimenter, in order to discriminate with cer- 
tainty the substance under examination. 

§2. NITROGEN—^— and OXYGEN— O—in combination as 
■ NITRIC ACID—^ (y— Presence in the Mineral Kingdom. 

This acid occurs in Native Saltpetre, which is generally con- 
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taminated with Sulphate, Nitrate, and Carbonate of Lime, and 
some Iron and Chloride of Calcium ; and in Nitrate of Soda, 
which generally contains seven to eight per cent, of Chloride of 
Sodium. 

Examination for Nitric Acid. 

The native salts which contain this acid are readily recognized 
by deflagrating when ignited upon charooaL 

The substances which are infusible, containing nitric acid, must 
be heated to redness, after being perfectly desiccated in a glass 
tube, by which means dark yellow fames, nitrous gas, are elimi- 
nated, and may be recognized by their peculiar color and smell. If 
the nitric add contained in a substance be small, and firmly 
united to a base, so that no characteristic fumes are obtained, 
a portion of the substance must be triturated in a mortar, with 
about an equal weight of bisulphate of potassa, and the mixture 
then treated as previously given. The free sulphuric acid com- 
bines with the base, liberating nitric acid, and the tube becomes 
filled with nitrous gas, the brownish-red or yellow color of which 
is best perceived by looking perpendicularly into the mouth of the 
tube. 

§ 3. SULPHUB^^-^nd SULPHURIC ACID— ^ 0. S 0^— Presence 
in the Mineral Kingdom and in Furnace Producti. 

Sulphur is found beautifully crystallized in nature, but is often 
contaminated with Bitumen, Silica, Lime, Iron, Carbon, Water, 
et cetera. It occurs most frequently in combination with Metals. 

Sulphuric Acid is only met with in nature, in combination with 
Alkalies, Earths, and Metallic Oxides, which combinations have 
been previously given. All dressed ores, containing an admix- 
ture of metallic sulphides, which are not perfectly smelted before 
roasting, give, when remelted, metallic sulphides, which are called 
Stein, — and often a small portion of such metallic sulphides is 
mechanically contained in many products which ought to be per- 
fectly free from sulphur. Sulphur also forms partly an essential, 
and partly a secondary ingredient in many furnace products. It 
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may be considered an essential ingredient, in Sohttein, Bleiiteinf 
Kupfentein, Tutty, et cetera, and a secondaiy one, in Workable 
Lead, Sekwartz Kupfer, Slaffs, and other minerals. 

Sulphuric Add occurs in many roasted ores which previously 
contained Sulphur. 

Examination for Sulphur, and StUpHtme Acid. 

Native Sulphur is easily recognized by submitting it to the 
flame of a lamp upon charcoal It bums with a fine bluish color, 
generating sulphurous acid. 

Compounds with Sulphur may be detected by different methods^ 
videUeet: — 

a. Sometimes by heating the substance strongly in a glass 
tube. Some metallic sulphides possess a higher degree of sul- 
phuration ; thus, lion Pyrites give off sulphur, which deposits in 
the upper part of the tube. If such a combination contains, at the 
same time, arsenic, as, Mispickel and Nickelglance, no yellow sub- 
limate of sulphur will be obtained, but a yellowish-brown on^ 
consisting of sulphide of arsenic ; 

b. By roasting the substance in an open glass tube. If only 
a small trace of sulphur is present, no sulphurous acid smell will 
be perceived, but its presence may be recognized by holding a 
strip at moistened litmus paper in the tube, — ^it will be imme^ 
diately reddened ; 

€. By heating the substance in the oxidating flame upon char- 
coal If an appreciable quantity of sulphur be present, the sul- 
phurous add smeQ will be immediately recc^ized ; 

d. The most accurate method, when no selenium is present, is, to 
melt the powdered assay, — ^those substances that cannot readily be 
reduced to powder may be applied in small partides, — ^with two 
parts soda, and one part borax, upon diarcoaL In this treatment^ 
sulphide of sodium is formed, which, when moistened and applied 
to a piece of bright silver, blackens it. The addition of the borax 
is to prevent the sulphide of sodium formed from being absorbed 
by the charcoal 

As the sdenides behave exactly like sulphides towards metallic 
diver, the substance must previously be heated /mt ee on charcoal,. 

R 
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in order to ascertain whether tie charcusterUtie korse-rctdiA odor 
is exhaled. When the two occur together in a substance, the 
sulphur examination must be first performed in the open tube. 

Sulphuric add can be detected when in combination with 
alkalies, earths, or metallic oxides : — 

1 By melting the substance with silicate of soda in the reduc- 
ing flame. The sulphuric acid at first combines with a portion of 
soda, which becomes reduced to sulphide of sodium, and the glass 
subsequently assumes a red or dark yellow color, according to the 
proportion of sulphuric acid present If the quantity of sulphuric 
acid be very minute, the color appears only after the glass has 
perfectly cooled. The above method is only suitable for colorless 
sulphuric acid compounds : colored sulphates must be submitted 
to the following treatment : — 

< Smelted with two parts of soda, and one of borax, on char- 
coal in the reducing flame, and the resulting mass moistened with 
water, and placed on silver ; a tarnishing of the metal will indi- 
cate the presence of sulphur. 

§ 4. PHOSPHORIC AOID^V 0-Pr«dm» in the Mineral 
Kingdom. 

This Add is always met with in nature in a combined state, 
and is found in small quantity in numerous minerals. It is often 
overlooked, because traces of it tgre so difficult to detect in a satis- 
fibctory manner. The minerals in which it forms an ingredient 
have been mentioned under Lime, Alumina, Yttria, Copper, TJnir 
nium, Lead, Iron, Manganese, ^ cetera. 

Examination for Phosphoric Acid. 

If a substance contains more than from four to five per 
cent of phosphoric add, the annexed examination is the 
best Dissolve some of the substance in Boracic add upon 
charcoal in the oxidating flame, and then introduce into the mol- 
ten bead a piece of fine iron wire, and expose the whole to a 
strong reducing flame. The iroh oxidizes, at the expense of the 
phosphoric add, and borate and phosphate of iron are produced, 
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the latter of which fdses in a strong heat As the globule cools, 
a phosphorescence is generally remarked on various parts of the 
charcoal, which proceeds from the crystallization of the phosphide 
of iron. When perfectly cold, the glass must be removed from 
the charcoal, and broken into particles between folds of paper, 
upon an anvil By this means the phosphide of iron will sepa- 
rate as a globular metallic button, and can be submitted to a fur- 
ther examination. It should be attractable by the magnet, brittle 
under the hammer, and of a ferrnginous color when broken. If the 
substance contained only a small quantity of this acid, the globule 
containing the phosphide of iron will be sensibly ductile when 
struck When very littie or no phosphoric add is present, on 
breaking the button the iron wire will be found intact, except 
where it protruded beyond the assay. 

If the substance under examination contained other ingredients 
reducible by iron, and capable of melting with it to a globule, as 
sulphuric or arsenic acid, it cetera, it must be examined for these, 
before being subjected to the above treatment 

Phosphoric add may be readily detected in minerals, if only 
three per cent, be present, in the following mamier : — A splinter 
of the mineral is placed between the platinum points of the for- 
ceps, dipped into sulphuric add, and then heated in a dark room 
with the apex of the blue flame, when the outer flame will be 
immediately colored bluish-green, of a perfectiy different shade to 
that produced by boracic acid, baryta, or copper. Many phos- 
phoric minerals, when treated per se, in the blue flame, color the 
outer flame green ; exempli ffroHa, Wavellite. 

When reactions are not obtamed by the foregoing methods, it 
is better to have recourse to the moist way. The substance free 
from sulphuric add and alumina must be fdsed in the oxidating 
flame, with four times its volume of soda, in the platinum spoon, 
and the redduum dissolved with water in a porcelain basin over 
a spirit-lamp, and then allowed to settle. Some of the dear 
supernatant liquor must then be decanted off, mixed with acetic 
add, reheated over the lamp, and a small crystal of nitrate of 
silver immersed in the menstruum. If the solution contains 
only a trace of phosphoric acid, a lemon-yellow predpitate of 

B 2 
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phosphate of sOyer suhsides. Should the mixture not have heen 
sufficiently heated, previous to the addition of the silver salt, a 
white precipitate of dipyrophosphate of silver will occur, which 
cannot he readily distinguished from other compounds. 

If the suhstance contains alumina, as Wavellite, Amhlygonite, 
Lazulite, et cetera^ the phosphoric acid cannot he readily detected 
in the manner last mentioned, because on melting the substance 
witii soda, phosphate of alumina combines with it, and this 
combination dissolves out on heating with water, and, on the 
addition of acetic acid, deposits. The subjoined method will 
detect a trace of phosphoric acid in an aluminous compound. 
Triturate the powdered substance in an agate mortar, with a 
mixture consisting of six parts soda and one and a half parts 
silica, then melt the whole mass in the oxidating flame upon 
charcoal. Treat the residuum in a porcelain basin with boiling 
water — ^the phosphate and excess of carbonate of soda is dissolved, 
leaving silicate of alumina and soda. If the substance contains 
only a little alumina, some silicate of soda will also dissolve, but 
this will have no detrimental influence on the detection of the 
phosphoric acid. The clear liquor is treated with acetic acid, et 
cetera^ as recently given. If silicate of soda be contamed in the 
solution, it precipitates on the addition of acetic acid, but will 
not in the slightest degr& prevent the yellow reaction of the 
phosphoric add with the silver salt. 

When examining for phosphorus in metallic phosphides before 
the Blowpipe, the pulverized assay must be smelted with nitrate 
of potassa on the platinum wire, and the residuary mass treated 
with soda, similar to a substance containing phosphoric acid. 
The phosphorus and the metal oxidize, phosphate of potassa is 
formed, and finally, the metallic oxide separates. 

§ 5. CHLORINE-Xm—Presmce in tks Mineral Kingdom. 

Ghbrine never occurs in a fr«e state in nature, but in combi- 
nation with other bodies. 

The minerals containing Chlorine have been previously given 
under Potassa, Soda, Ammonia, Lime, Magnesia, Silver, Mercuiy> 
Copper, and Lead. 
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Examination for Chlorine. 

Chlorine may be detected in metallic chlorides in the following 
manner. Dissolve oxide of copper in microcosmic salt, on the 
platinum wire, until a diaphanous bead is obtained in the oxidating 
flame. The substance under examination is now to be added, and 
heated. K chlorine is present, the assay will be surrounded by 
a beautiful blue colored flame, inclining to purple, which disap- 
pears after some time, but can be reproduced by adding a fresh 
supply of the sample. Chlorine, therefore, cannot be confounded 
with any of the acids which occur in the mineral kingdom, for 
none of them afford the foregoing reaction ; and even those that 
impart a color to the flame when mixed with a copper salt, give 
no tinge when operated upon in a cupriferous microcosmic glass. 
Annexed is a second method for the detection of chlorine in 
a compound soluble in water. A small quantity of sulphate 
of iron or copper must be dissolved, a few drops of the solution 
placed upon a bright piece of silver, and the metallic chloride 
added ; by this procedure, the silver will be blackened, provided 
chlorine is present According to Merlet, when the chloride is 
insoluble in water, it must, previously to being added to the 
solution, be fused with soda on a platinum wire. When a small 
quantity of chlorine is present, the spot produced upon the silver 
will be greyish-black. 

If the operator is not fortunate in obtaining a satisfactory 
result by the above methods, he must resort to the moist way, 
which will detect the minutest trace of chlorine. When the sub- 
stance is insoluble, it must be fused with soda, as above stated ; 
when soluble, it is only requisite to dissolve it in distilled tDoter, 
and to add a drop of solution of nitrate of silver. If there be 
only one part of chlorine in ten thousand parts of the solution, a 
milkiness ensues. 

§ 6. BROMINE— Br—Presenee in the Mineral Kingdom. 

Bromine occurs as a small ingredient in nearly aU SaU Bpringsy 
as Bromide of Sodium and Magnesium. 
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Examinatian for Bromine. 

Metallic bromides give, with a cupreous microcosmic bead, and 
also with sulphate of copper on a silver plate, the same reactions 
as metallic chlorides ; but the blue color which the flame assumes 
does not incline to purple, but becomes green, eqiecially on the 
edges. To distinguish the two with certainty, the substance 
under examination must be fused widi bisulphate of potassa in 
a small glass flask, with a long neck, over the spirit-lamp. 
Bromine and sulphurous add will be eliminated ; the former fills 
the vessel with a yellow gas, readily recognized by its characteristic 
odor, although sulphurous acid be present 

In examining for bromine in salt springs, a conffldenUe quan- 
tity of the liquid must be evaporated, until nearly the whole of 
the chloride of sodium is separated. The mother liquor is then 
poured off*, evaporated to dryness, and the residue examined with 
bisulphate of potassa in a glass flasL In this case, however, 
iodine is generally liberated, and therefore the pure yellow of 
bromine is not obtained, as it acquires a somewhat violet tinge, 
firom the presence of iodine. 

Small quantities of bromides may be easily detected by passing 
a stream of chlorine through a solution of the substance under 
examination, and agitating with ether. As soon as the liquids 
have separated, the solution of bromine in ether is withdrawn by 
means of a pipette, and shaken well with potassa, bromide of potas- 
sium and bromate of potassa being thus formed. On the solution 
of these two salts being evaporated to dryness, and fiised in a 
platinum basin, the bromate is decomposed with evolution of 
oxygen, and the mass,-— containing now only bromide — ^must be 
distilled with an excess of sulphuric acid and binoxide of manga- 
nese in a small retort, to which a glass condenser has been 
adapted. If bromine be present, brownish or yellowish-red 
vapors appear immediately, and impart an orange-yellow color to 
starch-paste in the receiver. 

Bromides are decomposed by hypochlorites, and concentrated 
sulphuric and nitric acids, bromine being set free, which imparts 
a yellow or yellowish-red color to the liquid. 



EXAMINATION FOR IODINE. 247 



§ 7: IODINE— l^Presence in the Mineral Kingdom, 

Iodine occurs in Rock 8aU — also in Salt Springs and most 
mineral springs — ^in very small quantities, and generally in com- 
bination with Sodium. It has also been detected in a Mexican 
mineral, combined with Silver, and in a Silesian one, in combina- 
tion with Zinc. 

Its presence in the vegetal kingdom does not belong to this 
work ; but we may mention that it is likewise found, in combina- 
tion with Sodimn, in most kinds of Seaweed^ et cetera. In some 
of these productions, such as the Fucue SerratiM and Fucus 
DiffitattM, it exists ready formed, and, according to Ftfe, may 
be separated by the action of water ; but in others it can only be 
detected after incineration. 



Examination for Iodine. 

The metallic iodides, when treated with cupriferous microcosmic 
salt, impart a beautiful and deep green tinge to the Blowpipe 
flame, which cannot be confounded with the color given when 
the bead, per se^ is fused in either flame. Metallic iodides, 
melted with bisulphate of potassa in a glass tube, eliminate 
iodine vapor, which displays a beautiful purple color. Sulphur- 
ous acid is also set free. 

Mineral waters can be examined for iodine in the same manner 
as for bromine ; the presence of the former is indicated by the 
violet colored vapor. If an appreciable quantity of bromine be 
present, the gas evolved will be of a darkish yeUow color. A 
good test for Iodine is nitrate of silver. The iodide of silver is of 
a pale yellow color, and is wry difficultly soluble in ammonia. 
The chloride dissolves in ammonia with great facility. 

With chlorine, with concentrated sulphuric add and binoxide 
of manganese, and also with nitric acid, iodides exhibit a beha- 
vior similar to that of bromides ; iodine is liberated, which, 
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aooording to its quantity is precipitated as a black powder, or 
remains in solution, imparting a brown color to the liquid. On 
heating this, the characteristic vapors of iodine are obtained. 

Free iodine produces with starch-paste, a blue combination ; if 
it is in minute quantity, however, the result may be a violet or 
rose-red tinge. 

Bromine and iodine may be separated by adding to the liquid 
containing them, a solution of a subsalt of copper — sulphate of 
copper to which sulphurous add has been added, eiiervee the pur- 
pose ; a dingy-white precipitate of subiodide of copper talis down, 
which may be filtered off, and the filtrate tested for bromine by 
adding strong sulphuric add ; if the slightest coloration occurs^ 
the presence of this element is indicated. 



S 8. FLUORINE— Y\^Pre$0Me in the Mineral Kingdom. 

Fluorine is always found in combination. The minerals in 
which it forms an essential or secondary ingredient have been 
cited under Soda, Lithia, Lime, Magnesia, Alumina, Yttria, and 
Cerium. Traces of Fluorine have been found in the teeth, and 
also in the bones, of different animals. 

Examination for Fluorine ^ or for Hydrofluoric Acid. 

Hydrofluoric acid is not so readily eliminated by heat, firom sub- 
stances in which fluorine forms an essential ingredient, — exempli 
gratia, Fluor Spar, Topaz, Cryolite, et cetera, — ^as from those in 
which it sometimes occurs as a contingent one, as in Mica and 
Hornblende, when it is expelled generally as hydrofluosilidc acid. 

If a small quantity of hydrofluoric add be held in feeble com- 
bination, in a mineral containing water, it is necessary to heat it 
in a test tube, and appply a strip of moistened Brazilwood paper 
to its moutL As the temperature augments, fluosilicic add will 
be evolved, ^ silidous circle formed at a short distance from the 
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assay, and the Brazilwood paper tinged straw-jeilow, by the 
hydrofluoric add. 

According to the experiments of Bonsdorf, Brazilwood paper is 
likewise colored straw-yellow by phosphoric and ozalic adds, but 
not by sulphuric, nitric, arsenic, or boradc adds. As phosphoric 
acid, however, is not volatile in such an examination, the tinge 
acquired by the paper will indicate the presence of fluorine. 
This test is so delicate, that it is only necessary, at times, to 
moisten the compound fluoride with hydrochloric add, on a 
watch glass, and then to apply the reagent paper. When a 
substance under examination for fluorine produces no etching 
upon the glass, and affords no reaction with the Brazilwood 
paper, the following method must be adopted : — Mix the assay 
with metaphosphate of soda, — ^formed by heating the micro- 
cosmic salt to indpient redness, — and heat the mass in the end 
of an open glass tube, in such a position that there will be an 
access of hot air from the flame ; by this procedure aqueous 
hydrofluoric add is formed, which can be recognized by its smell, 
being more suffocating than chlorine, and also by the etching 
produced by the condensation of vapor in the tube. Moist Brazil- 
wood paper, applied to the extremity of the tube, will be instantly 
colored. 

The subjoined is Merlet's method for the detection of this 
acid : — Pulverize the substance for examination, then triturate it 
to an impalpable powder, and mix it with an equal part of bisul- 
phate of potassa. Heat the mass gradually in a moderately wide 
dry test tube. The judicious application of heat must be strictiy 
observed, for if the operator first heats the part of the tube where 
the assay rests, the whole may be lost, on account of the glass 
being shattered. The spirit flame must first be applied to the 
fore part of the tube, and then made to recede slowly, until it 
fuses the assay. After the mixture has been for some time kept 
in a molten state, the lamp must be withdrawn, and the part 
containing the assay severed with a file. The fore part of the 
tube must then be well washed, and afterwards dried with bibu- 
lous paper. Should the fluorine contained in the substance be 
significant, the glass tube, when held up to the light, will be 
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foimd to have lost its tnaasjpueoBj^ and to be yory rough to tlie 
touch. Of all known Bubfitances, hydrofluoric add is the motfc 
destructive to animal matter. When a drop of the concentrated 
add comes in contact with the skin, instantaneous disorganization 
ensues, and a deep ulceration of a malignant character is produced. 
On this account, the greatest care is requisite in its preparation. 
It acts energetically on gjans^ the tni»qp— — "y of whkh n in- 
stantly destroyed, heat is evolved, the add boils, and in a short 
time entirely disappears. A colorless gas, commonly known by 
the name of hydroflwmlicie acid gas, is the sole product This 
compound is always formed when hydrofluoric add comes in con- 
tact with a silicious substance. 



§ 9. CARBON—C^and CARBONIC ACID—C 0»—Presmee in the 
Mineral Kingdom. 

Carbon occurs in nature in a pure state, as Diamond ; and in 
combination with other bodies, in Anthracitey Graphite, Stone 
Coaly Brown Coal, et cetera. 

Carbonic Add occurs in minerals combined with bases which 
have been induded in former sections of this work ; it is also 
met with in the gaseous form, in mines and volcanic r^ons, and 
places where the earth contains large quantities of carbonate of 
lime ; but as the examination of free gases does not come within 
the province of the Blowpipe, it is not requisite to enumerate the 
different places where this gas is exhaled. 

Examination for Carbon and Carbonie Acid. 

The diamond is so difficult to bum, that the ordinary Blowpipe 
is not sufficiently powerful It may be heated to whiteness, in a 
covered crudble, without injury ; but it begins to bum, in the 
open air, at about the melting point of silver — 703-2* C, — and is 
entirely converted into carbonic acid gas. It is more quickly 
consumed in fused nitre, when the carbonic acid is retained by 
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the potassa : this is a simple mode of analyzing the diamond, bj 
which it has been proved to be perfectly pure carbon. Some 
yaiieties of charcoal, when ignited with anhydrous alum in the 
oxidating flame, leave a recremeutitious mass, consisting of ferru- 
ginous and earthy particles. When they are pulverized, mixed 
with nitrate of potassa, and heated strongly in a platinum spoon, 
they detonate, and afford carbonate of potassa. 

The presence of carbonic add is detected by the gas being eli- 
minated with effervescence on heating a mineral containing it 
before the Blowpipe. It is also readily detected by moistening 
the substance with a few drops of hydrochloric acid — effervescence 
likewise ensues. 



§ 10. BORACIC ACID^B O^PmnM m ike BTmeral Kmgdom. 

This Acid occurs combined with Water in Native Boraeic 
Acid; also in several minerals in combination with various bases. 
Those in which it forms an essential or secondary ingredient have 
been already adverted to, under Soda, lime, Magnesia, and 
Alumina. 

Examination for Boraeic AM. 

According to Bebzelius, Native Boraeic Add of Tuscany pro- 
duces the following reactions : — ^Moistened with water and placed 
on Brazilwood paper, it bleaches the paper in about half an hour ; 
a solution in alcohol applied to curcuma paper imparts a brown 
tint 

Per se, on charcoal, it melts to a dear glass ; should it con- 
tain gypsum, the assay will be opaque when cold. 

TuRNEB has recommended the following method for the detec- 
tion of boraeic add in salts and minerals. Reduce the substance 
to an impalpable powder, and mix it with a flux consisting of 
four and a half parts of bisulphate of potassa, and one part of 
finely powdered fluor spar. Enead the whole into a paste, with 
a few drops of water ; then place the moist assay on the platinum 
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ring, and fdse the mass with the apex of the blue flame. Dmring 
the fdsion of the assay, fluohoric acid gas is liberated, which com- 
municates a pure green color to the outer flame. Great care 
must be taken, when only a small quantity of boradc acid is pre- 
sent, for the coloring will be momentary. Msrlbt remarks that 
the reaction will be more certain, when three to four parts of the 
flux are used with one of the substance. 



§ 11. SILICIC ACID— Si O*—Pr0Mnce in the Mineral Kingdom, and 
in Furnace Products. 

Silicic Add forms a principal ingredient of the solid parts of 
our globe. It is found in nearly a pure state, in Berg-Crystal^ 
Quartz, Chalcedony, Hometone, Cornelian, Flint, et cetera. When 
any of the preceding minerals are colored, it is generally owing to 
the presence of Iron or Manganese. The native silicates have 
been cited under the Earths and Metals. Lastly, it is considered 
as an essential ingredient of dressed Ores and Slags. 

Examination for Silicic Add, 

The Berg-Crystal and Milk-Quartz comport themselves with 
the fluxes, like pure silicic add. The other varieties of Quartz, as 
regards their solubility in the fluxes, behave in the same manner; 
but the colors imparted to the borax or microcosmic glasses by 
the metallic oxides are more or less visible, according to the one 
contarued. 

The silicates are recognized by means of microcosmic salt and 
soda. They are decomposed in such a manner by the former, that 
their bases combine only with the free add in the flux, and the 
silicic acid separates. This examination is generally performed 
on a platinum wire. The microcosmic salt must first be fiised 
into a bead, the silicate added, and the whole treated in the 
oxidating flame. The glass bead, while hot, is dear, and the 
separated silica floats through it in a collected state. As glasses 
are obtained by numerous dlicates, which are perfectly dear while 
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hot, but opaline on cooling, the operator must carefully observe 
the flux in its molten state, for the presence of silica. The silici- 
ous appearance is generallj observable with those compounds of 
silicic acid which have lime, magnesia, gludna, yttrisk, or oxide of 
zinc, for the base. 

Silicates of Zirconia, as Hyacinth and Zircon, are with great 
difficulty acted upon by microcosmic salt. The preferable method 
for the detection of the acid in these minerals has been given 
under Zirconia. If a substance contains a small quantity only of 
silicate, or be intermixed with some quartz, a glass is obtained, in 
which no skeleton of silica appears, owing to the solution of the 
silicic acid ; it can be detected, however, by the aid of the moist 
way, proceeding in the manner given in the examination of the 
different Earthy Silicates. The silicic acid is separated in such a 
condition by this method, that it can afterwards be rec(^nized 
with a little microcosmic salt on a platinum wire, or with soda on 
charcoal. 

The silicates dissolve imperfectly in soda, on a platinum wire 
or charcoal, with effervescence. If it be a compound, in which 
the oxygen of the silicic acid is at least double that of the base, a 
clear glass will be obtained by the judicious application of soda, 
which will remain the same when cold, because the glass of silicate 
of soda acts as a solvent on the free bases. 

A silicate containing an infusible base, gives a dear glass with 
a little soda. With a slight addition of soda, the glass is opaque; 
and with another supply, the assay becomes intact. 

By the first addition of soda, a part of the base separates, 
which is redissolved, and the glass is clear ; but when a large 
addition of the flux is supplied, so much of the base separates that 
the whole assay becomes infusible. 

Substances in which only a small quantity of a silicate is con- 
tained, which is not at all detectible by soda, must be treated in 
the moist way. This method also must be resorted to in the ex- 
amination of dressed ores, often containing metallic sulphides and 
arsenides, for silicic add. 
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f Examphi of the Method ofProcedwre employed in Examit^ 

ing the different Compounde for cM their conetituents, 

with the aid of the Blowpipe. 

a. SaLI& 

Salts come under the following heads : — 

a. Those which have Alkalies, for bases ; 

b. Those which have Earths ; 

e. Those which have Earths and Alkalies together ; 

d. Those which have Metallic Oxides ; and 

e. Those which have Metallic Oxides and Earths together. 
These different salts may often be distinguished from each 

other by their external characters, and thus immediately re- 
cognized ; cases, however, occur, which cannot be so easily 
determined, and recourse therefore must be had to chemical 
analysis. 

Such an examination can be easily performed with the Blow- 
pipe, and the whole operation completed in a short time, if the 
proper method be undertaken ; which will be shown in succeeding 
examples. 

1. SubphaU of Potatsa^K 0, S 0*. 

If this salt be in the state of powder, it is not possible to 
determine, from external appearances, whether the base is an 
earth, an alkali, or ar 'metallic oxide ; the examination should 
therefore be conducted in the following manner: — A small 
portion of the salt is heated in a bulb tube, and examined in 
order to see if it yields water ; if it be employed in a ciystalline 
state, it decrepitates, but yields none. The pulverized salt is 
next mixed with soda, this mixture fused on platinum foil in the 
oxidating flame, and examined during the fusion, in order to see 
if the whole mass fuses clear, or if any thing is precipitated. 
Sulphate of potassa fuses with soda on platinum foil to a perfectly 
clear glass; the base, therefore, is an alkali. The particular 
alkali is determined by AT5i.nm'niTig how the exterior flame is 
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colored, when a small fragment adhering to the moistened loop of 
the platinum wire is fiised at the point of the hlue flame. If the 
exterior flame exhibits a violet tinge, the presence of potassa is at 
once seen. 

K the acid also is to be determined, a small portion must be 
treated on charcoal in the reducing flame. The salt under 
examination fiises, and is absorbed by the charcoal, which it coats 
with a white substance, formed of a number of orbicles, similar to 
that produced by sulphate of potassa, or a combination of potas- 
sium, with chlorine, bromine, or iodine. If the mass absorbed by 
the charcoal be moistened with a drop of water, it gives off a 
strong hepatical odor, and when removed from the charcoal and 
placed on a slip of silver foil, it produces a black spot of sulphide 
of silver on being moistened with water. 

By this simple examination, it is ascertained that the con- 
stituents of this salt are sulphuric acid and potassa. 



2. NUrate of Potaaa^SaUpetre—K 0, N 0«, 

If the salt cannot be recc^nized by its external characters, the 
exanunation is conducted in the same manner as the preceding. 

Heated in a bulb tube, it fuses readily, giving a clear glass, and 
yields no water. By this test it is abready known that the base 
is an alkali ; the test with soda on platinum foil may consequently 
be omitted. 

Kept in a state of fdsion on platiniun wire, it colors the exterior 
flame violet. The base is consequently potassa. 

Ignited on charcoal, its surface becomes exceedingly vesicular. 
The acid is therefore nitric add. 



3. Iodide of PotcLmwm — ^K I. 

When a smaU quantity is heated in a test tube with bisulphate 
of potassa or sulphuric acid, purple vapors are given off, which 
communicate a blue color to starcL 
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4. Carbonate of 5«ia— Na 0, C 0«. 

In the examination of this salt, the procedure in the commence- 
ment is similar ; but it must be further treated, because the add 
cannot be thus recognized. 

The hydrated salt yields water in a bulb tube, which reacts 
neither add nor alkaline. 

It fuses to a clear glass with soda on charcoal The base is 
consequently an alkali 

It fuses readily on platinum wire, and tinges the exterior flame 
strongly yellow. The base is consequently soda. 

It melts on charcoal without detonating, is absorbed by the 
charcoal, but gives no sublimate. It is consequently not in com- 
bination with nitric, sulphuric, or hydrochloric adds. 

It reacts alkaline with turmeric, or with reddened litmus 
paper. 

It is now to be determined whether the soda is combined with 
carbonic add. For this purpose, a small specimen of the salt 
should be fased with silicic add on charcoal, and examined, in 
order to see if the two substances combine to form a clear glass 
with effervescence. This is the case with carbonate of soda, 
because its acid is evolved while the soda combines with the 
silidc add. If the glass becomes of a yellow or a red color 
on cooling, the carbonate of soda is not free from an admixture of 
sulphuric add. 

6. Chloride of Amrnonium—l^ H* CI. 

In testing for water in a bulb tube, if the salt sublimes 
without leaving a residue, it must be an anunoniacal salt. If it 
then be tested with soda, for ammonia, and with a microcosmic 
salt bead saturated with oxide of copper, for chlorine, results are 
obtained, which can be obtained with chloride of ammonium 
only. 

6. StdphdU of Sodor^^A 0, S 0» + 10 aq. 
When heated in a test tube it gives off water ; the residue is 
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infusible. On charcoal, the flame is colored of an intense reddish- 
yellow. The residue gives off sulphide of hydrogen on being 
moistened with an acid. 



7. PoUuiOrAhm^W* 0», 3 S 0» + K 0, S 0« + 24 aq. 

When this salt is pulverized, it cannot be recognized as alum, 
unless from the taste ; nor can we determine, from its external 
character, whether the base is an alkali or an earth, or whether 
both act as a base. The operation must, therefore, be conducted 
in a manner similar to that given for sulphate of potassa. 

In a bulb tube, alum fiises, tumefies, and yields water, which 
reacts neither acid nor alkaline. The dry mass ignited, gives an 
add, which reddens moistened litmus paper placed in the upper 
part of the tube. By the further examination of the salt, this 
acid is determined. 

It forms an infusible compound with soda on platinum foil 
when its water is driven off. The base, therefore, appears to be 
an earth. But if a small portion be treated per se on a platinum 
wire at the point of the blue flame, the exterior flame will be 
colored deeply violet, from potassa. So far it is thus known that 
the salt has two bases, of which the earthy one remains to be 
ascertained. 

As the salt appears perfectly white after the removal of its 
water, it should be tested with solution of cobalt ; when it becomes 
colored of a beautiful blue, if, in separating the water from the 
substance on charcoal, a pure oxidating flame has been employed. 
This shows the base to be alumina. 

The acid only now remains to be determined. It is first tested 
for sulphuric acid, because, in testing the salt in the bulb tube, 
litmus paper was reddened. When fused with soda on charcoal 
in the reducing flame, the fiised mass, when laid on silver and 
moistened with water, produces a black spot of sulphide of silver. 
The acid is consequently sulphuric : separate tests for other acids 
produce no reaction ; the salt, therefore, consists of sulphate of 
alumina and sulphate of potassa. 

s 
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8. Bromide of Soditm-^l^A Br. 

When heated in a teat tube, with bisulphate of potassa, or 
strong sulphuric add, this salt affords yellowish brown vapors of 
bromine. 

9. SulphaU of Magnetior^Ug 0, S 0» + 7 aq. 

The constituents of this salt are recognized in the same manner 
Bs those of alum. 

In a bulb tube, it yields a large quantity of water, which does 
not react acid. 

It is infusible with soda on platinum foil ; the base, therefore, 
appears to be an alkaline eartL 

The anhydrous salt, held with the forceps in the blue flame, 
tinges the outer flame, sometimes feebly, but evidently yellow, 
from an admixture of soda. 

Solution of cobalt communicates to it a beautiful, but feeble 
rose tint. The base is consequently magnesia. 

When the mass is fused with soda, on charcoal, in the reducing 
flame, it produces, when laid on silver foil and moistened with 
water, a black stain of sulphide of silver. It gives, with soda and 
silicic acid, the peculiar hepatic tint The acid is, therefore, sul- 
phuric, and the salt consists of sulphate of magnesia, which is 
sometimes contaminated with a little sulphate of soda. 

10, Chloride of LitMum^U CI. 
This salt imparts a reddish color to the Blowpipe flame. 

11. OeUstine. 

Celertine decrepitates strongly, when heated in a bulb tube, 
but yields no water. The test with soda on platinum foil may 
be dispensed with, as this substance is instantiy recognized as an 
earthy salt. It should be proved, however, whether it tinges the 
outer flame. A fragment held in the forceps, and treated with 
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the point of the blue flame, fiises, and communicates a reddish 
tint to the exterior flame. The color, which is much clearer than 
that given by a salt of lime, is similar to that produced by lithia, 
but not so beautiful. This shows the presence, therefore, of 
lithia or strontia. 

A specimen is next treated with soda on charcoal, in order to 
ascertain if it is absorbed with the flux by the support. It fuses 
with it, the compound undergoes a strong ebullition, and sinks 
into the charcoal, as a strong hepatic mass. By this means it is 
at once determined, that the salt is either sulphate of bar3rta, or 
sulphate of strontia ; but a£i it hcus been already found to tinge 
the outer flame red, and also that it is not very difficultly fusible, 
it may be considered as ahnost certain that it is not Heavy Spar, 
but Gelestine. 

If a specimen be ignited for a long time, on charcoal, in the 
reducing flame, the sulphide of strontium so formed treated with 
hydrochloric acid, and the resulting salt evaporated to dryness, 
and moistened with spirit, — ^as has been already more fully given 
under the head of Examination for Strontia, — ^the presence of 
strontia is recognized with certamty, by the red color of the 
alcoholic flame. 

12. Ccdcareoui Spar. 

This salt is readily recognized from its external character. 
The method of procedure is similar to the foregoing. 

Heated in a bulb tube it does not yield water. 

Held in the forceps, and strongly heated in the apex of the 
blue flame, it does not melt, but appears luminous, and tinges 
the outer flame a feeble carmine-red. During the refrigeration, it 
generally becomes of a blackish-green color, which shows the pre- 
sence of iron or manganese. 

The ignited fragment, when moistened, and laid upon litmus 
paper, reacts alkaline. 

From this behavior, the conclusion may be drawn, that the sub- 
stance under examination is an alkaline earth, and this earth, 
lime, in combination with carbonic acid. 

s 2 
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A fragment, next, should be dissolred on the platinum wire, 
with boiax, to ascertain if it effervesces or not during solution, 
and to notice the color communicated to the borax glass. Calca- 
reous Spar dissolves with effervescence, the carbonic acid escaping, 
and the glass has generally a feeble iron tinge. If a larger pro- 
portion be dissolved, the glass crystallizes during the refrigeration, 
presenting a number of sharp edges. By this means, it has now 
been discovered that the salt is a carbonate, containing a little 
oxide of iron, and that the base apparently is lime. A separate 
test for manganese determines whether the salt under investiga- 
tion may not probably contain this metal also. 

When a portion is treated with soda on charcoal, it is not 
dissolved ; the soda is absorbed by the charcoal, and an infusible 
mass remains, which may be considered aa lime. 



IS. Pseudo Apatite. 

This mineral occasionally occurs in a locality not &r from 
Freiberg, on the sides of small lodes, accompanying various silver 
ores, particularly dark Ruby Silver, and also with Iron I^tes, in 
druses on gangues, — as an apparently changed natural product, of 
an hexagonal prismatic form, and a color partly yellowish-white, 
partly reddish-yellow ; its fracture is almost earthy. 

Many of the crystals, particularly the dark colored, when 
ignited in a bulb tube, decrepitate, and yield a small quantity of 
water only. 

The fragments remaining in the bulb tube vitrify on the edges 
only, when intensely heated at the apex of the blue flame, — 
strongly phosphorescing at the same time, and when cold appear- 
ing of a lighter color. During the heating, the exterior flame is 
colored deeply yellow, from the presence of soda ; with careful 
observation, however a dark green tinge may be evidentiy observed, 
shewing the presence of phosphoric acid. If the fragment held in 
the forceps be moistened with sulphuric add, and then heated, 
tiie ^reen tinge of the exterior flame becomes more decided, and 
notwithstanding the yellow color of the soda, maybe recognized 
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as the reaction of phosphoric add. It yields a legulns of phos- 
phide of iron, with boiadc acid and iron. 

From the preceding investigation, it may be seen that the 
salt is a phosphate. Its behayior to vitreous fluxes and cobalt 
solution should now be examined, in order to be able to come to a 
conclusion as to the remaining constituents, particularly the bases. 

This mineral dissolves slowly in borax forming a glass, which 
sometimes becomes streaked with opalescent lines, when a mode- 
rate quantity of the mineral is present ; with a still larger quan- 
tity, the glass becomes turbid during refrigeration. The reddish- 
yellow crystals give with borax a yellowish tinge, from oxide of 
iron. 

It readily dissolves, with a slight effervescence, in microcosmic 
salt, and yields a glass colored by oxide of iron, which becomes 
turbidly streaked only when a large quantity of the substance is 
added ; when nearly saturated, it becomes, per se, during refrige- 
ration, turbid, and exhibits imperfect facets. When perfectly 
saturated, an almost milk white bead is obtained. 

With an equal weight of soda, the powdered nuneral frises on 
charcoal to a bead, which, under a continued blast, becomes in- 
frisible, and loses its orbicular form. A larger addition of soda 
is absorbed by the charcoal If another portion of the powdered 
mineral be fused with soda on charcoal in the reducing flame, 
and the fused mass laid on a moistened silver plate, a black stain 
of sulphide of silver is produced. 

When frised with soda and saltpetre on a platinum foil, it gives 
no reaction ; manganese is, therefore, absent 

Cobalt solution communicates a grey cobr to the powdered 
mineral. 

From the behavior to borax, microcosmic salt, soda, and solu- 
tion of cobalt, it can be seen that the mineral contains phos- 
phoric, and also carbonic acid ; because it dissolves in microcos- 
mic salt with effervescence ; and sulphuric add, because, when 
fused with soda, it blackens silver. It may also be seen that the 
coloring ingredient is oxide of iron, and that the base is not 
alumina, as it gives a grey color^ instead of a blue, with solution 
of cobalt. 
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If these Blowpipe reactions be compared with those of other 
combinations of phosphoric acid which occur in nature, it will be 
found that they resemble most those of Apatite. 

We know, however, that apatite is a combination of phosphate 
of lime and chloride of calcium ; the latter being often replaced by 
fluoride of calcium. It is therefore necessary that the mineral 
should be directly examined for chlorine, hydrofluoric acid, lime, 
and other bases. 

As we have abready seen, under Examination for Chlorine, no 
certain reaction for this element can be produced in the dry way. 
If however, it be treated with nitric acid, it readily dissolves, with 
efiiervescence ; if this solution be diluted with distilled wat«r, it 
wiU be rendered slightly turbid on the addition of nitrate of sil- 
ver ; consequently, it ia not perfectly free from chlorine. 

When fused in a glass tube, closed at one end, with an equal 
quantity of bisulphate of potassa, faint marks are produced on 
the sur&ce of the glass, at a small distance from the mixture, 
which remain when the closed end is cut off, the tube washed 
with water, and dried. The mineral must, therefore contain 
hydrofluoric acid. 

The test for lime and other earths must be performed with the 
help of the moist way. It may, however, be considered nearly 
certain, that the principal constituent is lime, as the mineral forms 
during refrigeration, when fused with microcosmic salt, imperfect 
facets ; an admixture of other earths can only be detected, how- 
ever, by recourse to the moist way. 

For this purpose, a small portion must be treated with hydro- 
chloric acid, and the earths precipitated as described under Lime, 
and more especially under Apatite. The mineral readily dissolves 
with the production of heat and evolution of gas, — ^with the escape 
of carbonic acid ; the solution, when diluted with water and 
spirit of wine, gives, with dilute sulphuric add, an evident pre- 
cipitate, which affords the reaction of gypsum before the Blow- 
pipe, after being edulcorated ; the solution, filtered from the gyp- 
sum, gives, with ammonia, a slight gelatinous precipitate, which, 
on further examination, behaves as ferruginous alumina. 
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The mineral contains, therefore, — 

Phosphoric add, a large quantity ; 

Carbonic add, in smaller quantity ; 

Hydrofluoric acid, ) . ^.„ „ ^. 

oil. .J hm still smaller proportions : 
Sulphunc acid, j r xr > 

Chlorine, very little ; 

Lime, a large quantity ; 

Alumina, in small quantity ; 

Soda, apparently only in small quantity; 

Oxide of iron, as coloring matter ; 

Water, a little, probably only mechanical. 
These constituents consequenUy show that the problematical 
mineral is a combmation of phosphate of lime with phosphate of 
alumina, carbonate of lime, sulphate of lime, fluoride of calcium, 
and chloride of caldum. 

14. Chloride of Sodiuff^-^lieL Gl. 

When heated in a glass tube, it decrepitates, giving traces of 
water, which were mechanically held between the layers of the 
crystals. 

On platinum wire, it tinges the flame intensely yellow. 

With a saturated copper bead of microcosmic salt, it colors the 
flame of a deep azure-blue, indicative of the presence of chlorine. 

15. ^oroa?— Na O, 2 B 0* + 10 aq. 

It intumesces in the heat, giving off a large quantity of water. 

When exposed on the platinum wire to the flame, it tumefies 
strongly, lastly giving a colorless bead. The flame is tinged 
yellow. Boracic add is detected as follows : — Mix borax, sul- 
phuric acid, and alchohol together, and ignite. A green flame 
indicates the presence of boradc add. 

16. Phosphate of Lead. 

This mineral is readily distinguished, when in the solid state, 
by its external characters. In this case it is only necessary to 
subject it to direct examination for its known constituents. If it 
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be in the state of powder, however, it may be easily oonfounded 
with other minerals of the same color, and it should, tiherefore, be 
examined in the following manner : — 

It should be first tested on charcoal in both flames, and its 
fusibility, and other characters from which a conclusion may be 
drawn, examined. The powder fiises to a bead, on diarcoal, in 
the oxidating flame, which crystallizes during refrigeration, and 
becomes of a dark color. If any substance is observed to volati- 
lize during the fusion, and deposit in part on the charcoal as a 
white sublimate, which admits of being driven further frx>m the 
assay on the application of either flame, antimony is probably 
present A separate test for antimony need not, however, be un- 
dertaken on this account, as other compounds may be present 
which would yield a white sublimate, and which may be acci- 
dentally discovered during the course of investigation. If the 
bead be treated long enough with a strong blast in the reducing 
flame, the charcoal will be seen to be yellow, as when coated with 
oxide of lead ; and if the blast be discontinued, the bead crystal- 
lizes almost instantaneously, during the refrigeration ; laige facets 
of an almost white color, similar in brilliancy to mother-of-pearl, 
being formed As this appearance is peculiar to phosphate of 
lead, and as a sublimate of lead was already obtained on the char- 
coal, it is not necessary to test for the presence of phosphoric 
acid and lead. It may however be done, in order to be perfectly 
convinced. 

A ^obule of phosphide of iron and metallic lead may be readily 
obtained with boracic acid and iron, and a button of lead with 
soda on charcoal, which may be tested for silver by cupellation on 
bone ashes. 

The appearance of a white sublimate when the mineral is 
treated per se on charcoal, is readily explained by the &ct, that 
the natural combinations of phosphoric add with oxide of lead 
always contain chloride of lead, which volatilizes. A separate 
test for chlorine, with a microcosmic salt bead saturated with 
oxide of copper, shows very clearly that the mineral contains 
chlorine. 



SALTS. 265 



17. Niehel Oehre. 



This mineral may be easily detennined to be a metallic salt. 
Its constituents are also readily recognized during the course of 
the examination. 

It yields some water when heated per se m b, bulb tube, its 
color becoming darker. Its behavior per se on charcoal is then to 
be examined. It sometimes diffuses an evident alliaceous odor 
when treated in the oxidating flame, and by treatment in the re- 
ducing flame it fuses, with the escape of some arsenic, to a black 
brittle metallic button, which is readily attracted by the magnet 

From this property, and from the mineral possessing a green 
color, it may be considered with a degree of certainty that it prin- 
cipally consists of arseniate of oxide of nickel. 

But as natural arseniate of nickel is not always free from oxide 
of cobalt, oxide of iron, and sulphuric acid, it should be tested 
with borax, and a separate examination made for sulphuric add. 

It dissolves readily in borax, and yields a glass which is violet 
while hot, and reddish-brown when cold — oxide of nickel If 
this glass be treated on charcoal in the reducing flame until all 
the nickel is precipitated, the glass will appear perfectly colorless 
when the mineral is free from cobalt and iron ; if not free from 
these, it will appear blue from cobalt, or green from iron. The blue 
glass may, however, contain iron also ; it is, therefore, necessary 
to fiise it, after being freed from reduced metallic particles, in the 
loop of a platinum wire ; treat it for some time in the oxidating 
flame, and careftdly observe whether it appears green or blue while 
hot ; if the former is the case, it is not free from iron. 

It is exceedingly difficult to separate completely, particles of 
reduced nickel from a glass from which the nickel has been thrown 
down in the metallic state ; this is, however, easily effected if the 
precipitated nickel be melted with a particle of lead, and the glass 
treated in the reducing flame only. The nickel thus combines 
with the lead, forming a readily fusible alloy, from which the glass 
may be removed while in the molten state. 

Tlic examination for sulphuric acid is made by fusion with 
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soda and borax on charcoal in the reducing flame, and the fused 
assay treated on a moist piece of silver. 

18. WolfT<m, 

The behavior of this mineral before the Blowpipe, m well 
f€T Be on charcoal, as with fluxes, must be first determined, in 
order to be able to ascertain the principal constituents, unless 
the mineral is recognized from its physical character as wolfram. 

It decrepitates when heated in a bulb tube, and gives very 
little water. 

Its fusibility must then be examined. This operation is most 
conveniently performed in the forceps, in order to be able to 
observe, at the same time, whether the exterior flame is colored 
It fuses with difSculty to a bead, on charcoal, without producing 
a sublimate ; the surface of the bead presents small eminences, 
from a number of laminated crystals of a considerable size. 

The mineral should now be tested with borax and microcoamic 
salt 

Borax dissolves it in the oxidating flame, without difficulty, to 
a clear glass, which is reddish-yellow while hot, when the quan- 
tity present is extremely minute, and pure yellow during the 
refrigeration, as when colored with oxide of iron ; from a laiger 
quantity, it appears blood-red while hot, and reddish-yellow on 
refrigeration. Treated for a few moments in the reducing flame, 
the tint becomes lighter, showing the color to be derived from 
oxide of iron only. 

It is readily dissolved by microcoamic salt in the oxidating 
flame, to a dear glass, which appears reddish-yellow while hot, 
and somewhat lighter during the refrigeration ; its appearance, 
however, shows only the presence of oxide of iron. If the 
glass be treated in the reducing flame, it becomes dark red ; even 
when the quantity present is moderate, it becomes opaque. If a 
small quantity of the saturated glass be treated with tin on 
charcoal, for a few moments, in the reducing flame, it will assume 
a green color when cold. If such a glass be exposed for some 
time to a strong blast in the reducing flame, the green color dis- 
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appears, and a slight reddish-yellow tint remains behind, which 
undergoes no farther change. 

From these reactions with borax and microcosmic salt, we may 
conclude that, as the borax glass assumes a redder tint after 
being treated with the oxidating flame, and a more or less yellow 
color, when treated for a short time in the reducing flame, the 
mineral must contain manganese as well as iron ; and as the 
microcosmic salt bead becomes dark red, when treated in the 
reducing flame, and assumes a green color on the addition of tin, 
which becomes reddish-yellow when exposed for some time to the 
reducing flame, tungsten must be present, as well as iron and 
manganese. 

If the powdered mineral be fused with soda in a platinum 
spoon, the fused mass dissolved in water, and hydrochloric add 
added to the clear solution, a white precipitate is produced, which, 
on heating the whole, becomes of a beautiful lemon-yellow color, 
and may be recognized as tungstic acid. 

The constituents of Wolfram therefore, are tungstic acid, 
protoxides of iron and manganese, and a little water. The color 
of the mineral shows that the iron and manganese are present as 
protoxides, and not as sesquioxides. 

p. Aluminates. 

As the number of aluminates which occur in nature is very 
limited, and we have already treated of the most of them, when 
speaJdng of the examination for Magnesia and Alumina, a single 
example will suffice. 

SpineUe, red, from Ceylon, 

The first thing to be done, is to ascertain its behavior before 
the Blowpipe, both j^^ 8$, and with fluxes. 

Heated strongly in the apex of the blue flame while held in 
the forceps, it loses its form, but communicates no color to the 
exterior flame. If the thoroughly ignited fragment be viewed 
with reflected sua light, it appears almost black and opaque, 
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while hot, hut becomes chrome-^reen during refrigeration, then 
ahnost colorless, and when perfectly cold it assumes its red color, 
unaltered. This change of color shows the presence of chromium. 

With borax it dissolyes with difficulty, even in a powdered 
state, to a dear, slightly yellowish, green colored glass, which 
does not become turbidly streaked. 

It is dissolved by microcosmic salt with difficulty when in 
fragments, but fuses readily and perfectly, when it is employed 
in the state of a powder, to a dear glass, which has a reddi^ tint 
while hot, but during the refrigeration it becomes evidently, 
though slightly, of a chrome-green. 

It is not dissolved by soda, but fuses to a vesicular mass with- 
out depositing a sublimate on the charcoal Fused with soda 
on platinum foil, the presence of traces of manganese may be 
detected. 

Solution of cobalt communicates a blue color to the fine 
powder. 

From this behavior, we may conclude that, as the mineral 
dissolves with difficulty in borax, without producing a glass 
streaked with turbid lines ; as by solution in microcosmic salt 
no skeleton of silidc acid remains behind ; as it does not dissolve 
when treated with soda, no sublimate being at the same time 
produced ; and as the powder receives a blue color from cobalt 
solution — ^the mineral under examination is an aluminate, not a 
silicate, which contains neither oxide of lead nor zinc. 

As the aluminates readily admit of decomposition, by fusion 
with soda and borax on charcoal, — as has been mentioned when 
speaking of the examination of such combinations for Magnesia, 
— ^the alumina and magnesia, and an unimportant constituent, 
with the silidc add, may be recc^nized with certainty in the 
spindle from Ceylon, by further treatment of the fused mass. 

y. SiLIOATBS. 

The Silicates can be divided into — 

a. Monobasic ; and, 

b. Polybasic Silicates. 
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The former may be readily recognized as silicates before the 
Blowpipe ; and the base, as it consists of one earth or of one 
metallic oxide, may often be recognized at the same time. 

The latter can also be recognized as silicates by their behavior 
before the Blowpipe ; but the bases do not always admit of 
being so readily recognized. 

In cases where the bases do not admit of being ascertained 
with accuracy during reactions before the Blowpipe, recourse 
must be had to the moist way, and the compound decomposed 
either by fusion with bisulphate of potassa in a platinum spoon, 
or by fusion with soda and borax on charcoal The first method 
answers very well with monobasic silicates, silicates of alumina 
excepted ; the second may be employed with more advantage 
with polybasic silicates. 

I. TabtdarSpar. 

Heated on a bulb tube, it undergoes no change ; it yields, 
however, a little water. 

Held in the forceps, it communicates no tinge to the exterior 
flame, and fuses on the edges only to a semi-clear glass. 

It is readily dissolved in large quantities to a dear glass, 
which does not become streaked with turbid lines. 

It is dissolved by microcosmic salt to a clear glass, leaving a 
silicious skeleton behind. This glass when moderately saturated, 
becomes, during refrigeration, opalescent. 

With an equal weight of soda, the powder fuses to a vesicular 
glass, which, on the addition of more soda, tum^es and becomes 
infusible. 

Solution of nitrate of cobalt renders it difficultly fusible, pro- 
ducing a blue color on the fused edges only. 

From these results, we may come to the conclusion that 
Tabular Spar, as it leaves behind a skeleton of silica when 
treated with microcosmic salt, is a silicate ; and that the base, as 
the mineral readily dissolves in borax, and as solution of cobalt 
communicates a blue color to it only where it foses, must be 
lime. 
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To prove this fact more fully, it is only necessary to fiise the 
powdered silicate with bisulphate of potassa, and treat the fused 
mass in the nuumer aiready described under Lime. 

2. Soap Stone. 

Relied per m in a bulb tube, this mineral yields a little water, 
gives off an empyreumatic odor, and becomes black. 

The mineral, when held in the forceps and heated in the oxi- 
dating flame, becomes white, contracts slightly, and fuses on the 
thinnest edges to a white enamel. It does not tinge the escterior 
flame. 

Borax readily dissolves it to a clear class, which generally pos- 
sesses a slight ferruginous tinge. 

Microcosmic salt decomposes it, leaving a residue of silica. 
The clear colorless glass, thus produced, crystallizes on cooling. 

With a certain quantity of soda, it fuses to a clear glass, which 
becomes turbid when either too large or too small a portion of 
the flux is employed. 

Cobalt solution communicates to it a reddish color, when it is 
exposed for a sufficient time in the state of powder to the oxi- 
dating flame. 

From these reactions it is quite apparent that Soap Stone is a 
silicate of magnesia. 

As this mineral, however, sometimes contains a little alumina, 
which cannot be detected by the aid of the dry way alone, the 
finely pulverized soap stone should be fused with bisulphate of 
potassa, in order to be certain that alumina is present, and the 
fused mass decomposed in the manner given under the head of 
Examination for Magnesia. 

3. PyrotmaUte. 

Heated per se, in a bulb tube, Pyrosmalite undergoes no 
change, but yields a little water. 

In the forceps it fuses on the edges only, to a black metallic 
shining slag, which becomes red in the reducing flame. 
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It is dissolved by borax in the oxidating flame, with a slight 
e£feryesoence, to a clear glafis, of an amethystine color. This 
color disappears in the reducing flame, and the glass, unless satu- 
rated, becomes colorless. 

If is with difficulty decomposed by microcosmic salt. When 
treated in the oxidating flame, it affords an amethyst colored 
glass, which contains a skeleton of silica ; it loses the color in 
the reducing flame. 

With a little soda, it fiises to a black glass ; if the flux be 
increased, a difficultly fusible black slag is formed. 

Pyrosmalite is therefore a silicate, the base of which is oxide 
of manganese. But as it dissolves with effervescence in borax, 
carbonic acid is present, combined with the oxide. 

4. Felspar, 

Per 86, in a bulb tube, it undergoes no change, and when per- 
fectly transparent, yields no water. 

In the forceps it is very difficultly fusible, melting only on the 
edges to a semi-clear vesicular glass. Like soda, it tinges the 
exterior flame yellow. 

It is dissolved to a clear glass by borax, very slowly, and 
without effervescence. 

It is perfectly decomposed by microcosmic salt, only when in 
the state of powder ; a skeleton of silica being left behind. The 
glass becomes opalescent on cooling. 

The powder fuses with soda very slowly, and with effervescence, 
producing a very difficultly fdsible clear glass, perfectly free from 



Solution of cobalt communicates a blue color to the fine 
powder, on the fused edges only. 

Felspar is thus a silicate ; and as it is very difficultly soluble 
in borax, coloring the exterior flame yellow, the base must consist 
principally of alumina, with a little soda ; but it cannot be deter- 
mined, by the Blowpipe alone, whether or not this silicate is com- 
bined with small quantities of other silicates. 

About 75 milligrammes of the finely powdered mineral should 
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therefore be melted with soda and borax, on charcoal, to a dear 
bead, which should be pulverized, the powder treated with hydro- 
chloric acid, and the solution evaporated to dryness ; the chloride 
fonned, dissolved in water; the clear solution separated by 
filtration from the insoluble silicic acid, and the filtrate examined 
for the different earths, in the manner given under the Examina- 
tion for Baryta, lime, and Alumina. In this way it will be 
found, that the solution contains a laige quantity of alumina, 
with a trace of lime. 

The constituents thus found show that the silicate must be a 
felspar ; but whether it contains soda, or potassa with an acci- 
dental trace of soda, can be ascertained only by making a separate 
test for potassa, in the way given at page 103. Potassa-felspar 
appears to contain a trace of soda, as it generally colors the 
exterior flame more or less yellow. If a considerable precipitate 
of chloride of platinum and potassium is formed, in an alcoholic 
solution of the alkaline portions of the mineral, it is a potassa- 
felspar, which contains only a trace of soda ; but if no precipitate 
is obtained, it is a soda-felspar. A portion of the hydrochloric 
acid solution, prepared to examine for the earths, may be em- 
ployed in testing for potassa, so as to avoid a second fusion of the 
substance with soda. An experiment may also be made in order 
to ascertain if fluorine is present. 



&. Roh$lagj from the Freyherg Smelting Works. 

Per BBy in the forceps, it readily fuses, retaining its black-green 
color, and tinges the exterior flame slightly yellow, from traces of 
soda. 

It dissolves easily in borax to a clear glass, which is strongly 
colored by iron. 

Microcosmic salt dissolves it to a clear glass, which is likewise 
tinged yellow, leaving behind a silicious skeleton. 

It readily dissolves with soda on charcoal, with effervescence, to 
a black bead, which deposits no sublimate on the charcoal when 
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treated in the reducing flame, but frequently produces, after some 
time, a black spot on moistened metallic silver. 

It gives the reaction of manganese, when fused on platinum 
foil, with soda and saltpetre. 

From these Blowpipe reactions, Bohdag would appear to be a 
silicate, the principal base of which is protoxide of iron. But as it 
is known that such a slag also contains di£ferent eartiis, which 
cannot be detected with the Blowpipe, about one hundred milli- 
grammes, in a pulverized state, should be taken, fused with soda 
and borax on charcoal in the oxidating flame, and the fused bead 
decomposed in the mamier given under Baryta. Sulphuric acid, 
or bisulphate of potassa, produces an exceedingly small precipitate 
of sulphate of baryta, in the diluted solution of the chlorides. 
When the protoxide of iron is converted, by the addition of a few 
drops of nitric add, into the sesquioxide, and a littie chloride of 
ammonium added to the solution filtered from the baryta preci- 
pitate, ammonia throws down sesquioxide of iron and alumina : 
oxalate of ammonia produces, in the solution filtered from these 
substances, a slight precipitate of oxalate of lime : and, lastiy, 
microcosmic salt gives a slight precipitate, in the solution filtered 
from the oxalate of lime, of magnesia, and protoxide of manga- 
nese, combined with phosphoric acid and ammonia. 

If these di£ferent precipitates, after edulcoration, be treated 
before the Blowpipe, in the maimer given abeady in speaking of 
the earths, it will be found that Rohslag consists of — 

Silica, 

Protoxide of Iron, 

Alumina, 

Lime, 

Magnesia, 

Baryta, with traces of 

Manganese, Sulphur, and Soda. 
As the firagment of slag employed was perfectly vitreous, and 
free from admixed particles of Bokgtein, the minute quantities 
of sulphur it contains may be considered as combined with baryta 
or lime. 
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6. Black Copper Slag, from the Freyherg Smelting Work*. 

Held in tihe fotceps, it fuses readily, but does not color tihe 
exterior flame ; when moistened with hydrochloric acid, however, it 
colors the exterior flame bluish-green, firom the formed chloride of 
copper. 

It behaves to borax and microcosmic salt like Rohslag, but the 
beads appear, with the same quantity of substance, more intensely 
colored, and the microcosmic salt does not contain so large a 
skeleton of silica. The iron present is therefore greater, and the 
silicic acid less. 

With soda it fuses on charcoal, with efiervescence, to a black 
bead. If this be treated for some time in the reducing 
flame, a white sublimate of oxide of lead is deposited on the 
charcoal 

By a reduction test with a large quantity of soda, metallic 
particles are obtained, which behave to boracic add like a mixture 
of lead and copper. 

It shows the presence of a slight trace of manganese, when 
fused with saltpetre and soda on platinum foil. 

It may be seen from these reactions, that Bktck Copper 8la^ 
is apparently a silicate of protoxide of iron, containing slight 
traces of oxides of lead and copper, and protoxide of manganese. 
The presence of earthy bases must be ascertained by the moist way. 

For this purpose, about one hundred milligrammes of the 
finely pulverized slag should be fused to a bead with soda, borax, 
and a button of pure silver, of about eighty milligrammes in 
weight, in the reducing flame, and the melted bead further 
treated in the way described for analyzing the BohBlag. In this 
way, it wiU be found that Black Copper Slag contains alumina 
and a trace of lime, and both must be considered as bases. 

If the silver globule, fi^ from slag, be treated with microcosmic 
salt for a short time on charcoal in the oxidating flame, and the 
resulting bead re-melted with a little tin in the reducing flame, it 
will become brownish-red and opaque during refrigeration, from 
the presence of protoxide of copper. 
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Bkick Copper Slag therefore consists of — 
Silica, 

Protoxide of Iron, 
Alumina, 

Lime, with traces of 

Oxides of Lead and Copper, with Protoxide 
of Manganese. 

h, CoMPouin)s OF Metaluo Oxides. 

The compounds of metallic oxides occurring in nature, which 
cannot be considered as Salts, are either oxides or hydrates. 
Some of these exist per se, while others are in combination with 
different simple minerals. Those which can be submitted to 
ignition in a bulb tube without yielding water, are oxides ; and 
those which yield water, are either hydrates, or oxides containing 
hydrates. 

Metallic oxides occurring in the products of smelting works are 
often contaminated with sulphuric add, arsenical adds, antimoni- 
ous add, and a portion of the oxides combined with these adds ; 
but they never contain chemically combined water. 

The method of procedure, in the investigation of such com- 
pounds of metallic oxides, may be gathered from the two following 
examples. 

I. Brown Earthy Cobalt . 

Ignited in a bulb tube, it yields water of an empyreumatic 
odor, which does not affect the color of litmus paper. 

It suffers no change on charcoal, m the oxidating flame ; in 
the reducing flame, it gives off a slight alliaceous odor, but does 
not melt or yield a sublimate. 

Borax and microcosmic salt dissolve it, in the oxidating 
flame, to a clear dark violet glass, which appears, after treatment 
in the reducing flame, greenish while hot, and pure blue when 
cold. 

Soda does not dissolve it. It yields a mass, colored deep green, 

T 2 
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from the presence of manganese, when they are fused together on 
platinum foil in the oxidating flame. 

When reduced with soda, and the resulting mass levigated, a 
metallic powder is obtabed, which is attracted by the magnet, and 
which, when dissolved in microcosmic salt, appears green while 
hot, and blue when cold — cobalt and iron. 

If a borax bead, saturated with this mineral, be treated for 
some time with a little lead on charcoal in the reducing flame, 
the lead will congeal, on cooling, with a clear sm&ce ; con- 
sequently no nickel is present 

From these reactions, we may conclude, — as the brown earthy 
cobalt gives no water in a bulb tube, dissolves in borax and 
microcosmic salt, in the oxidating flame, with a dark violet color, 
which changes in the reducing flame to blue, and produces, with 
soda on platinum foil, a green color, — ^that it consists of hydrates 
of the oxides of cobalt and manganese : and, as it gives off* a 
slight odor of arsenic, when heated on charcoal, and, as the borax 
bead exhibits, when treated for a short time in the reducing flame, 
by which the manganese is reduced to the state of protoxide, a 
green color while hot, and only blue when cold, that it must be 
contaminated with arsenic acid and oxide of iron. 

2. Abstfieht from the Freyherg Smelting Works. 

It undergoes no change when heated in a bulb tube. 

In a tube open at both ends, it behaves itself similarly. 

It readily fuses on charcoal, spreads itself, and is reduced with 
efiiervescence to a veiy fluid metallic button, which gives ofi* 
a strong alliaceous odor when kept in a state of fusion in the 
oxidating flame, coats the charcoal with a sublimate of oxide of 
antimony and oxide of lead, and finally behaves itself like pure 
oxide of lead. 

Borax readily dissolves it in the oxidating flame, to a clear 
green glass, which retains its color when cold. In the 
reducing flame, on charcoal, the bead spreads, and a number of 
lead globules are reduced, which have a strong alliaceous odor, 
and which coat the charcoal with oxide of antimony and lead. 
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If the small lead globules be combined and removed from the 
glass, and the latter again fused to a bead by a continued applica- 
tion of the reducing flame, it becomes colorless, and remains so 
when cold. But if a firagment of Abstrich be reduced in the 
reducing flame on charcoal, with a borax bead of half its size, the 
reduced lead removed, and the borax glass melted to a bead, it 
will appear greenish, and, when further treated with tin, of a pure 
vitriol-green, from iron. 

Microcosmic salt dissolves it also, in the oxidating flame, 
to a dear green glass, which retains its color when cold. The 
color of the glass undergoes no change on charcoal in the reducing 
flame while hot, but during the refrigeration it becomes turbid, 
and of a greenish-yellow tint. If this glass be treated for a 
short time with tin, it becomes during refrigeration, of a perfect 
blackish-grey color, from reduced antimony ; if, however, it be 
kept long enough fluid in the reducing flame, the antimony will 
be volatilized, and a glass obtained, which becomes perfectly red 
during the refrigeration, from protoxide of copper. 

It is instantly reduced with soda to a grey, somewhat brittle, 
metallic button. 

From these reactions, it may be seen that Abstrich is an oxide of 
lead, containing a little oxide of copper, and a still smaller 
quantity of oxide of iron : and that a portion of the oxide of lead 
]& combined with an arsenical and antimonial acid, as no volatile 
body is set free when heated in an open tube. 



c. Sulphides, Absenides, aio) Selenide& 

The system to be followed in these researches, is similar to the 
one given under Metallic Oxides ; but in many cases, where 
numerous metals are present, producing with the fluxes aconfrised 
coloration, difierent steps are to be taken. In most instances, 
before the fluxes are applied, the assay should be freed from 
sulphur and arsenic, by roasting it upon charcoal The fol. 
lowing examples may probably be of great service to the experi- 
mentalist. 
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1. Zinc Blende, from Przibram. 

When heated in a matrass, it fiills to powder, and when this 
powder is heated to redness, no volatile ingredients are eUminated. 
If heat he applied to the powder in an open vessel, its oolor 
changes to a lighter hue, and sulphurous acid gas is eyolved^ 
which reddens moistened litmus paper. 

On charcoal, in the reducing flame, the color of the powder 
likewise assumes a lighter tinge, and traces of sulphurous add 
are evolved. In the reducing flame, rinieraium ensues, and 
the charcoal becomes coated with a yellowish sublimate, which is 
white when cold. When' treated with a solution of cobalt, it 
assumes a beautiful green color — oxide of zinc. The fine powder 
dissolves copiously in borax and microcosmic salt ; if it be heated 
with the^e fluxes on charcoal, in the oxidating flame, the glass 
obtained is clear, and presents the ferruginous tint only ; but 
when the glass is over saturated, it appears turbidly streaked. 

The roasted, as well as the unroasted powder, dissolves with 
effervescence in soda on charcoal, forming an opaline mass. 
After continued blowing with the reducing flame, the charcoal is at 
first covered with a reddish-brown sublimate, the oolor of which 
is most distinct on refirigeration, and may be immediately recog- 
nized as oxide of cadmium ; a large sublimate of zinc then oocurs, 
and the soda is imbibed by the charcoaL If the unroasted sub- 
stance is operated upon, a strong hepatical smell results, when the 
spot where the soda has been absorbed is moistened with water. 

From the preceding reactions, we may infer that the ingredients 
of Zinc Blende are — 

Zinc, and 

Sulphur, with portions of 

Cadmium, and Iron. 

2. Ctgmferous Sulphide of BiimtUK 

It decrepitates slightly, and ultimately melts when heated in a 
flask, but volatile ingredients are not evolved. 
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When heated in an open glass vessel, sulphur sublimes, and in 
the under part of the tube a deposit appears, which, when strongly 
heated, melts to brownish drops ; and the substance, after cooling, 
is yellowish by transmitted light— oxide of bismuth. 

It melts readily upon charcoal, with ebullition and spirting. 
When the blowing is uninterrupted, nearly the whole yolatilizes> 
and the charcoal presents an orange-yellow coating. This deposit 
becomes lemon-yellow on cooling, and appears to be pure oxide 
of bismuth. K the residuary matter be melted with borax in 
the oxidating flame, a beautiful green glass is obtained, which 
will remain unaltered when cold — ^iron and oxide of copper. On 
treating this bead with tin, the assay will be of an opalestic red 
color, when cold — suboxide of copper. 

If the roasted mineral is melted on charcoal, with bisulphate of 
potassa, in the oxidating flame, and the fused assay be treated 
according to the method given under the examination for 
Bismuth, the operator will not find lead. When the mineral is 
melted with borax, on charcoal in the reducing flame, a greenish 
glass is obtained, which acquires a vitriol-green tinge when treated 
with tin — ^protoxide of iron. When a small portion of the 
mineral is purified with proof lead, on charcoal, and submitted to 
the oxidating flame till the sulphur is eliminated, then melted 
with a little boracic acid, a button of copper remains behind, 
which forms about five per cent, of the quantity taken. The 
mineral, therefore, consists of — 

Bismuth, 

Sulphur, 

Copper, and a trace of 

Iron. 

3. Bovmomite, from Kuprinz, near Freyhtrg. 

When heated per «0 in a flask, it decrepitates, giving off vola- 
tile ingredients. 

Heated in an open vessel, it evolves a large portion of sulphur- 
ous acid, and also a dense white vapor, which deposits pardy on 
the upper, and partly on the lower side of the flask. The upper 
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portion is volatQe,— oxide of antimony, — ^while the under is not, 
and being present in large quantities, appears to consist of and- 
monide of lead. 

It melts readily on charooal, coating it with oxide of antimony, 
which congeals to a black bead, possessing a rough surface. By 
continued blowing, the bead re-melts, and the charcoal becomes 
thiddy coated with oxide of lead If the globule, greatly reduced 
in Yolume, be treated with borax in the reducing flame, a color- 
less glass is formed, — ^no iron present, — ^but when subjected to 
the oxidating flame, a red cupriferous glass is obtained, — suboxide 
of copper, — and a cupreous button, which is brittie, from a small 
trace of sulphur, but when treated with a littie soda, it becomes 
perfectiy malleable. 

The cupreous globule, when cupellated with lead, gives a button 
of silver. 

This Boumonite, therefore, is composed of 

Sulphur, 

Antimony, 

Lead, 

Copper, 

Silver — O'l per cent 

4. Nichd-Olanee. 

This mineral decrepitates when heated per «^ in a flask, evolv- 
ing a large quantity of sulphide of arsenic ; as the heat augments, 
it melts. When heated in an open glass tube, arsenious and sul- 
phurous adds are eliminated. 

Heated on charcoal, a dense arsenical vapor is evolved, part of 
which coats the charcoal, and is readily expelled. If the greater 
part of the arsenic be volatilized, the assay fuses rea^y to 
a globule, quite brittle on cooling. If this be melted with borax 
on charcoal in the reducing flame, the glass appears, after perfect 
refrigeration, greenish-blue. When the glass is separated from 
the metal, and heated on the ring of the platinum wire in the 
oxidating flame, it appears green while hot, from cobalt and oxide 
of iron, and after cooling only slightly blue, from oxide of cobalt 
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On charcoal with tin, the glass assumes a idtriol-green color, 
mingled with much blue. The metallic globule, separated from 
the borax glass, and treated again in the oxidating flame with 
borax on charcoal, gives the tinge from oxide of nickel only ; the 
nickel separates in the metallic state, in the reducing flame, and 
the glass appears colorless. 

From the above reactions, we may conclude that Nickel Qlance 
contains — 

Arsenic, 

Nickel, 

Sulphur, 

Iron, and 

Cobalt 

5. Chey Copper, from Freyherg. 

It decrepitates in a flask, and gives, if melted, a red sublimate 
of sulphide of arsenic. 

The powdered mineral fames pretty strongly, in an open glass 
tube. This vapor deposits a white sublimate on the glass, and 
appears to be a mixture of arsenious acid and oxide of antimony. 
At the upper end of the tube, a strong smell of sulphurous acid 
will be recognized. 

The powder melts readily, per se, on charcoal, to a globule 
which fames strongly. The vapor deposits partly on the charcoal, 
and consists of oxide of antimony. If a sufficiency has been 
applied, a second sublimate is obtained, nearer to the assay than 
the sublimate of antimony ; while hot it is yellowish, on cooling 
white, and assumes a green color with a solution of cobalt,--oxide 
of zinc. 

On account of the large quantity pf sulphur present, no arseni- 
cal smell is perceived when the assay is treated per se on char- 
coal ; but if another portion of the mineral be treated with soda 
on charcoal, the sulphur separates, the arsenic volatilizes, and is 
distinctly perceptible from its alliaceous smelL If a portion of 
the mineral be gradually roasted on charcoal, and treated with 
borax on the same in the reducing flame, a bottle-green glass is 



282 SULFHIDB8, AfiSBNIDES 

obtained, which becomes vitriol-green after dressing with tin, — 
iron, — and leaves a somewhat liquid metallic globule, which has 
a li^t copper color, and therefore appears to consist of copper 
and a little antimony. If this globule be troated for some time 
with borax in the oxidating flame, the glass will be tinged red, 
from suboxide of copper, and the globule assumes a pure copper 
color. K the cupriferous button be cupellated with lead, a small 
silver globule is procured. 

Chrey Capper^ therefore, consists of — 

Sulphur, 

Antimony, 

Arsenic, 

Copper, 

Silver, 

Iron, and 

Zinc. 

6. Rohstein, from the Freyherg Fumaee9, 

Heated strongly in a matrass, it gives off no volatile particles, 
but assumes a blackish color. 

Heated in an open glass tube, it evolves sulphurous acid, recog- 
nizable by moistened litmus paper, or by its odor. 

On the lower side of the tube, near the assay, a thin white 
coating is formed, not volatile, and appearing to be antimonious 
acid. 

It melts very readily /»^M on charcoal; and, after a continued 
exposure to the reducing flame, coats the support with three 
different metallic oxides : — ^The sublimate which is at first pro- 
duced, is deposited at some distance from the assay ; it is white, 
and admits of being driven fix)m one side to the other with the 
oxidating flame — oxide of antimony. That produced later, 
is immediately in contact with the antimonial sublimate ; it 
is, while hot, of a lemon-yellow, and on cooling, of a sulphur- 
yellow color—- oxide of lead. The third deposit, which is near 
the assay, appears only in very thin white laminae ; if it be mois- 
tened with a solution of cobalt, and heated strongly, but carefully, 
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in the oxidating flame, it becomes green — oxide of ana Rohstein 
emits arsenical vapor, when heated with soda on charcoal 

When this substance, in a finely powdered state, is roasted 
carefully on charcoal, and a part of the roasted assay dissolved 
in borax on a platinum wire in the oxidating flame, a clear glass 
is obtained, which presents the color of oxide of iron only. If 
this glass be treated on charcoal with tin for a short time, it be- 
comes reddish on cooling, from copper ; after a longer reducing 
flame, the copper is separated, the glass remains dear when cold, 
and of a pure vitriol-green hue, from the presence of iron. 

K another portion of the roasted Rohstein be dressed with 
soda, borax, and lead, and heated on charcoal in the reducing 
flame, those metallic oxides are reduced, combining with the 
lead. 

The plombiferous alloy, while yet in a molten state ia the Blow- 
pipe flame, evolves antimony ; when the blowing is discontinued, 
it cools with a dear surfSeMse — ^no nickel If the plombiferous 
globule be melted with boracic acid till the greater part of the 
lead is separated, and it be then mdted with microcosmic salt on 
charcoal in the oxidating flame, and the resulting glass bead 
treated with tin, a very distinct reaction of copper is also pro- 
duced. 
The constituents of this Rohstein are, therefore, — 

Sulphur, 

Iron, 

Antimony, 

Lead, 

Copper, 

Zinc, 

Arsenic, and — according to a quantitative silver 



Silver— ^'18 per cent 



7. Lead 8peiss,from the Freyherg Fumaees, 

Heated to redness in a glass tube, it liquefies, forming a black 
mass, but evolving nothing volatile. 
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A little arsenious acid is eliminated in an open glass tube ; 
near the assay it exhibits a white nonvolatile deposit, probably 
of antunonious acid, and on the upper part of the glass tube, a 
smell of sulphurous acid is distinctly observed. 

On charcoal/'^ se, in the reducing flame, it melts at the com- 
mencement to a globule, and evolyes arsenical yapor ; but after 
continued blowing, a crust forms on the surface and the globule be- 
comes infusible. But if another splinter of the mineral be melted 
with twice its volume of lead and boradc add on charcoal in the 
reducing flame, a sublimate of oxide of antimony sufficiently dis- 
tinct is obtained, and a dense arsenical vapor is observed. 

If a part of this Lead Speiss in a finely powdered state, be 
roasted on charcoal, by which means the sulphur and a part of 
the arsenic volatilizes, — ^but the other part of the arsenic is con- 
verted into arsenic acid, and, without beiag capable of separation, 
combines with the metallic oxides formed, — ^and the roasted assay 
melted with borax on charcoal in the reducing flame, a black opaque 
glass and a ramous white metallic globule are obtained ; a por- 
tion of the glass diluted with borax on charcoal, and treated for 
some time in the oxidating flame, exhibits a greenish-blue color ; 
melted in the ring of a platinum wire, and treated in the oxidat- 
ing flame, it assumes a reddish-yellow color, which on refrigera- 
tion becomes yellowish-green ; it is therefore colored by iron and 
cobalt. If the metallic globule be melted on charcoal with micro- 
cosmic salt in the oxidating flame, a green glass results, colored 
by nickel and oxide of copper, which, when treated with tin, is, on 
refrigeration, red and opaque, owing to the presence of suboxide 
of copper. 

According to the above reactions, Lead Speiss consists of — 

Arsenic, 

Sulphur, 

Nickel, 

Iron, 

Cobalt, 

Aptimony, 

Copper ; — ^and gives, on cupellation, 

Silver, — 0048 per cent. 
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If oonvenient, to ascertain the presence of nickel, iron, and co- 
balt, with greater certainty, and to obserye the colors of the me- 
tallic oxides separately in the fluxes, a rather circuitous method, 
similar to the following must be pursued 

Boast about seyenty-fiye milligrammes of finely divided Lead 
Speiss, on charcoal in the reducing flame, to volatilize the sulphur 
and the other metals, so as to form arseniates of nickel and co- 
balt 

Melt the roasted assay with equal parts of soda and borax, on 
charcoal in the reducing flame. By this treatment, nickel, copper, 
and the greater portion of the cobalt, antimony, and arsenic are 
reduced, forming a limpid metallic globule, while the iron, as prot- 
oxide, and the irreducible oxide of cobalt, remain dissolved in 
the flame. If the glass flows readily, and is free from metallic 
particles, the blast must be discontinued, and the arsenical metals 
separated from the glass. 

Pound the glass, mix it with twice its volume of soda, and ex- 
pose the assay on charcoal to the reducing flame. Then sift the 
grey metallic powder, attractable by the magnet, from the slaggy 
matters, dissolve it in borax, and either the color from iron, or 
that from iron with a little cobalt, will be the result. 

When the metallic particles are treated with borax on charcoal 
for a long time in the oxidating flame, and a portion of the re- 
sulting glass bead dressed with more borax and some lead, and 
then exposed on charcoal to the reducing flame, the characteristic 
cobalt-blue tinge will be communicated to the flux. 

The assay, freed from cobalt by the assaying with borax, must 
be again treated with this flux on charcoal in the oxidating flame, 
and the glass bead, while hot, separated from the metallic assay. 
It exhibits the color from nickel only. When placed on another 
part of the charcoal, and treated in the reducing flame, the nickel 
is separated in a metallic state, the glass assumes, on cooling, a 
brown-red color, and is opaque from suboxide of copper. After 
long blowing, the copper is also separated in a metallic state, and 
the glass has a tinge only of blue, from a trace of remaining co- 
balt. The copper does not appear to be reduced before the nickel 
is separated. If the borax glass, perfectly free from metallic 
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globules, be melted on chaicoal with miciooosmic salt in the oxi- 
dating flame, a glass darkly colored is attained : if it is melted in 
a similar maimer on a platinum wire in the oxidating flame, it 
is infusible, and appears colored beautifully green by oxide of 
mckd and copper. 



8. Cupriferout SeUnide of Leadr—Selenide of Copper and Lead, 

This mineral decrepitates strongly when heated in a flask, but 
otherwise dote not change. It gives a sublimate in an open glass 
tube, which, at the greatest distance from the assay, is red, and 
nearer to it steel-grey — selenium. No sulphurous acid is detect- 
ible, either by the smell of the upper end of the tube, or by mois- 
tened litmus paper. It also fumes on charcoal, smells strongly of 
selenium, melts on the surface only, and coats the charcoal at the 
commencement with selenium, which appears grey and of a shin- 
ing metallic lustre, and afterwards also with oxide of lead. After 
continued blowing, a black slaggy mass remains, which melts 
readily to a globule, and imparts a bottle-green tinge to the glass, 
owing to the presence of an inconsiderable quantity of iron. The 
separated metallic globule is somewhat malleable ; per se on char- 
coal, it produces a strong sublimate of oxide of lead, and if treated 
with boracic acid on charcoal, gives a pure cupriferous globule. 
The constituents therefore are : — 

Selenium, 

Lead, 

Copper, and 

Iron — a trace. 



;. Combinations of Metaij3 which contain little or 
NO Absenic. 

The system to be followed in such researches is very simple, as 
may be deduced from the following examples. 
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1. NtUive Amalgam. 

Heated strongly per «0 in a matrass, metallic orbicles deposit 
in its neck, which cohere on shaking the vessel. If the porous 
residue be first treated in the oxidating flame, and then in the 
reducing flame on charcoal with borax, the operator will obtain a 
colorless glass, and a metallic globule, which has the appearance 
of silver, and remains unchanged by cupellation. It is composed 
of— 

Silver, and 

Mercury. 

2. Workable Lead from the Freyherg Fumaees. 

If convinced that mercury is absent, a glass alembic is not 
necessary. It can also be dispensed with in the case of Work- 
able Lead. 

In the open glass tube it melts to a bead, which is coated with 
oxide, and gives nothing volatile. It melts readily on charcoal ; 
has a moderately strong smell of arsenic ; at the commencement 
it coats the charcoal with oxide of antimony ; and also, after con- 
tinued blowing, with oxide of lead. 

Melted with borax on charcoal, in the reducing flame, a clear 
colorless glass is obtained, remaining so when melted in the ring 
of a platinum wire, and treated for some time in the oxidating 
flame ; it is, therefore, free from iron and cobalt. Melted with 
soda and borax, on charcoal in the reducing flame, and the glass 
placed on a moistened silver plate, a black stain of sulphide of 
silver is often produced ; it is, therefore, not always free from 
sulphur. 

Treated with boracic acid on charcoal in the reducing flame, 
till only a small metallic particle remains, and this globule melted 
with microcosmic salt again on charcoal, in the oxidating flame, 
a greenish glass is obtained, which, if treated with tin, appears on 
cooling opaque-red, from copper. If the metallic globule be 
cupeUated, after melting with microcosmic salt, a globule of silver 
remains behind. 
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According to the forcing reactions, Workable Lead consists 
of,- 

Lead, 

Sflver, 

Copper — ^traces, — 

Arsenic, 

Antimony, and sometimes traces of 

Sulphur. 

8. Impure Tin, 

On charcoal in the oxidating flame it behaves, as regards its 
easy oxidation, like pure tin. In the reducing flame, it gives a 
coating of oxide of tin, mixed with a dark yellow powder, which 
exhibits a lemon-yellow color on cooling, and appears therefore to 
be oxide of bismutL As a confirmation, another part of this tin 
was melted with microcosmic salt on charcoal, first in the oxidat- 
ing flame, and then in the reducing flame. The glass bead was, 
while hot transparent, but on cooling, became black and opaque, 
which indicated the presence of bismuth. Melted with borax, on 
charcoal in the reducing flame, a glass was produced, which was 
colored pure vitriol-green, by protoxide of iron. 

The tin was contaminated with bismuth and iron. 

4. Black Copper, very Impure. 

Heated strongly in the open glass tube, it eliminates a little 
sulphurous add, recognized by the introduction of moistened lit- 
mus paper. At some distance fi^m the assay, a very slight white 
deposit is formed, having the appearance of oxide of antimony. 
On charcoal, per se, it melts with difficulty, yielding a sublimate 
of oxide of lead only. Melted together with proof lead and bo- 
racic acid, in such a manner that one side remains free, while the 
lead dissolves, a distinct sublimate of oxide of antimony is pro- 
duced. The remaining part of the metallic globule, which is free 
fix)m lead, has a greyish-white color, and is scopiform. 

The .black copper, melted with borax on charcoal, in the 
reducing flame, produces a glass colored blue by cobalt, which 
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melts on a platmum wire in the oxidating flame, appearing, 
while hot, green, and on cooling, blue — cobalt and oxide of iron. 
The metallic globule remaining, after treatment with boracic acid, 
produces, with microcosmic salt, on charcoal in the oxidating 
flame, a glass, which appears of a beautiful green, both when hot 
and cold, and becomes opaquish-red with tin — ^nickel and copper. 
The remaining undissolved metallic globule still appears greyish- 
white, and is extremely dentritic. This appearance indicates the 
presence of arsenic, which is combined with nickel, and cannot be 
separated from this metal, either by boracic acid or microcosmic 
salt A separate examination for arsenic, according to page 235> 
indicates the presence of this metal. 
This Blcu^ Copper consists of — 

Lead, 

Copper, 

Nickel, 

Cobalt, 

Iron, 

Antimony, 

Arsenic, 

Sulphur ; and, according to a separate exami- 
nation, a little 

Silver. 



5. Oerman Silver^ or White Copper^-Argentan. 

No change ensues, when it is heated in a glass tube. 
* Melted on charcoal, in the reducing flame, it affords a subli- 
mate, which is yellow while hot, and white when cold ; with 
solution of cobalt, it assumes a beautiful green color, and there- 
fore may be regarded as oxide of adna 

The globule, melted per se, on charcoal, and treated with 
borax in the outer flame, till those metallic oxides, irreducible in 
the inner flame, are dissolved, should be remelted in the reducing 
flame to separate the metals. The glass thus obtained is blue, 
and docs not change its color when fused on a platinum wire in 
the oxidating flame. Cobalt only is therefore dissolved. 
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The metallic globule, freed from cobalt and melted with micro- 
cosmic salt, on charcoal, in the ozidatiiig flame, giyea a glaas 
colored dark green. A portion of this yitreous mass, treated 
with more microcosmic salt, on platinnm wire, in the oxidating 
flame, afibrds a bead which, on cooling, remains of a beantifiil 
green-HX)pper and nickel. This bead, on being remoyed, and 
treated on charcoal with tin, becomes opaque-red on cooling, 
owing to the presence of copper. 

The globule remaining undissolyed, affcer treatment with micro- 
cosmic salt, is perfectly malleable, appears reddish-white, and 
consists, as it indicates a trace of silyer only on cupellation, of 
copper and nickel. 

The composition of this alloy, is, therefore — 

Copper, with a trace of 

Silver, 

Nickel, with some 

Cobalt, and 

Zinc. 



SECTION III. 
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SECTION III. 



DESCRIPTION OP A CONVENIENT AND USEFUL 
BLOWING APPARATUS, 

For Quon^totiiw AtuUysit toith the Blotppipe. 



Bkpeatbd quantitative ezaminatioiis with the Blowpipe would 
weaiy even the most experienced operator, and it has, therefore, 
been found necessaty to construct a blowing apparatus, which, 
provided the manipulator is always employed at the same place, 
completely remedies the evib attendant upon the use of the more 
common instrument 

It should possess the followmg qualifications : — 

1. It should be perfectly airti^t, under the greatest pressure 
used in Blowpipe experiments. 

2. It should possess an orifice fine enough to afibrd an equal, 
uninterrupted, and sufficiently sharp stream of air. 

3. That the pressure may be increased or diminished at plea- 
sure. 

4. That a long flexible tube be employed for conducting the 
stream of air, which is not in connexion with those parts of the 
apparatus which move up and down. 

5. That it occupies as little room as possible. 

6. And that, during the blowing, it is not required to fill it 
with air by means of a treadle, or other contrivance requiring 
physical exertion. 

K such an apparatus be considered essentially necessary, the 
chief object of the application of the Blowpipe is lost ; on this 
account it should be premised, in the first instance, that this 
apparatus should be employed only by duch as are well ac* 
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BLOWING APPARATUS. 



quainted with ihe use of ihe mouth Blowpipe ; and eyen then 
only as an aoziliaiy, or to preserve health in case inconyenience 
to the chest should arise from blowing ; — ^because, if a person, 
unaccustomed to the use of the ordinary Blowpipe should be 
sometimes obliged to employ it when travelling, his results would 
always be uncertain. 

A Blowing apparatus, represented in Fig. 47, — constructed 
according to a model of a gasometer employed by Lampadius, and 
which, with some slight changes, is similar to that proposed by 
Habkobt, possesses idl the above qualifications. 

It consists of two 
Fig. 47. /^^^^"^^^K cylindrical vessels of 

strong sheet zinc, a 
and B ; A is two feet 
two inches high, and 
one foot two inches 
in diameter; the inner 
B is two feet one inch 
high, and one foot 
one inch in diameter. 
Instead of zinc, cop- 
per, or tinned iron, 
may be employed. 
The last, however, 
does not last nearly 
so long as zinc, as it 
is liable to oxidize 
unless well protected 
by paint or varnish. 
Through the mid- 
dle of a, a brass tube 
a, with a funnel- 
shaped mouth, rises 
perpendicularly to the 
height of one foot 
eleven mches ; it is secured in its place by two slips of strong tin 
plate b b, soldered to its sides and to the bottom of the vessel. To 
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the end of this tube another, of a less diameter, e, is attached, which 
passes externally underneath the bottom and up the side of the 
cylinder a, and is fsistened at the top with a slip of zinc* To the 
top of the tube o, a strong caoutchouc tube e^ three feet long and 
hsM an inch in diameter, is fastened, having at its extremity a 
brass stopcock/; it is to this that the various Blowpipe nozzles 
are affixed A brass stopcock ^, is also placed near the bottom 
of the vessel a, for the purpose of drawing off the water. 

To the bottom of b, which should be strengthened internally 
with a double cross of tinned iron, is attached a brass stopcock h, 
having an orifice of half an inch in diameter, for admitting air. 
Four hooks are also attached to the botix>m, to which the coun- 
terpoises for steadying the apparatus are fastened. 

Both vessels are placed in a strong frame of hard wood, six 
feet high ; the smaller, B, being inverted in the greater, a, which 
should be filled with water to about sixteen inches. This frame 
consists of a wooden support, six inches high, and one foot seven 
inches in diameter, into which four uprights, two inches broad 
and one inch thick, are mortised, lying with their broad sides 
dose to the vessel a, and joined above to a framework similar to 
the base. In the base of the frame is a hollow, into which the 
part of the tube e, passing under the bottom, fits, so that the 
cylinder a may rest steadily on its support. 

A wooden pulley k, is placed in each of the four uprights, just 
under the top cross pieces, over which cords pass attached by the 
hooks to the bottom of the vessel b, and having on the other 
ends leaden counterpoises ^ each a pound weight. The counter- 
poises serve to prevent the vessel b from turmng round on its 
axis, and thus keep the stopcock h always in the same direction, 
so* that it may be conveniently opened and closed. 

Two iron pulleys, m m, are also attached to the upper cross 
pieces, over which a strong cord, fisistened to the centre of the 
bottom of the cylinder b, passes, having on its other end a 
strong brass ring n, with which the vessel b is drawn up. 

If the vessel b be completely immersed in the water of the 
cylinder A, it may be filled with air by opening the cock A, and 
shutting the cock / on the caoutchouc tube, then drawing the 
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vessel up by the cord and ring above mentioned, until it nearly 
reaches the surface of the water, and shutting the cock h through 
which the air entered. 

The air enclosed in this manner, which measures 331 7'5 cubic 
inches, can be compressed by means of eight leaden weights, o, 
each of four pounds weight, in the form of a frustrum of a cone, 
so as to produce, through a Blowpipe nozzle placed on the stop- 
cock/, an equal and sufficiently strong stream of air for all Blow- 
pipe experiments. The nozzle must, however, have a larger dia- 
meter than those employed with the ordinary Blowpipe. The 
proper diameter cannot be well described here ; but the operator 
soon discovers the most convenient to use. 

K the vessel a be filled with water to sixteen inches, the vessel 
B raised nearly to the sur£ace, and the weights laid on, of the 
331 7'5 cubic inches of air only 2123*3 cubic inches escape 
through the stopcock / in a compressed state ; the remaining 
1194 cubic inches remain behind in their usual state, as the level 
of the water cannot be raised higher than sixteen inches. 

When, in experimenting with the instrument, a nozde which 
answered best for the examination of silver and copper assays, 
was employed, the 2123'3 cubic inches of air were blown out in 
fifty-two minutes ; when a nozzle with a larger orifice, which was 
best suited for lead and tin assays, was used, it occupied thirty- 
five minutes before the vessel b had completely sunk down. 

As the blowing is never continued so long in any analysis, the 
stopcock / should be closed when the blast is not required. In 
this way, it will not be often necessary to fill the apparatus more 
than once in an hour or an hour and a half. 

The apparatus, as now described, may be placed in the labora- 
tory at the right side of the Blowpipe table. The flexible tube, 
when not employed in blowing during the analysis, may be laid 
aside at the near right hand comer of the table ; when it is 
required, the stopcock / may be conveniently opened, and the 
tube held at/?, between three fingers, like a pen, and the orifice 
placed in the flame of the lamp. When the apparatus is not in 
use, the flexible tube may be suspended to the lifting ring n. 

This apparatus would also serve to form such small glass tubes 
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as may be usefiil in ihe examination of minerals, et eet^a, before 
the Blowpipe, by using a lamp urith a thick wick. The compres- 
sion of the air being also diminished by the removal of some of 
the weights, it would be also necessary to employ a nozzle with a 
laiger orifice than that used in analytical operations. In this 
case^ both hands may be left disengaged, by fixing the stopcock/, 
on a small support, in such a manner that the current of air can 
be directed on the flame in a proper manner. 

In conclusion, it will be best to state in what manner the 
vessel A is filled with water. The vessel B, being deprived of its 
weights, is drawn up as far as the frame admits, or till the stop- 
cock h comes in contact with the central iron pulley m ; it is 
kept in this position by two wooden pins, which are inserted into 
two corresponding holes in the front uprights ; the funnel-shaped 
orifice of the upright tube ▲ is then covered with a glass, and 
water poured into a until it stands at sixteen inches ; it should 
not be filled higher than this, as the pressure of the air in the 
upper vessel, B, would cause the excess to flow over. 

When the vessel is full, the glass is removed, the wooden pins 
withdrawn, the vessel B allowed to descend, and the weight placed 
upon it. If the vessel is made of well japanned sheet iron, cold 
water may be used to fill it ; but if of zinc, copper, or unglazed 
iron, hot water should be employed ; as otherwise, in a warm 
room, aqueous vapor would be condensed on its external surface, 
producing oxidation. Although this oxidation in itself would 
matter nothing, the vessels would lose much in external appear- 
ance, — ^the zinc beconjing white, and the copper green. By 
adding one-fourth of boiling water, this unseemly appearance 
may be obviated. 



QUANTITATIVE ANALYSIS 
WITH THE BLOWPIPE. 



Preparation of the Svbitance, the Metallic Constituents ofichidi 
are to be ascertained, 

Befobb it is possible to proceed with the inrestigation of a 
mineral, ore, furnace product, et cetera, in order to ascertain the 
different metals present, they must undergo a certain treatment, 
which is termed " Preparation of the Assay." 

The antecedent labors are — desiccation of those substances 
containing mechanically mixed water ; and pulverization, when 
required in a finely divided state. Brittle substances, difficultly 
reducible to powder, may be crushed under the haomier upon an 
anvil : but malleable bodies can be first laminated, and then cut 
into shreds with a strong scissors. 

It fi^uently occurs that ores, prepared on a larger scale, are 
apparently dry, although some per cents of water may be mecha- 
nically held between their layers ; in other cases, ores kept, after 
desiccation, in damp apartments, or in open vessels, reabsorb 
moisture from the air. If, therefore, the substance under exami- 
nation contains mechanical moisture, a quantity greater than is 
requisite for two assays should be heated in a porcelain basin 
over a spirit-lamp, to expel the water, and the desiccated mass 
then triturated. During the desiccation, care must be taken not 
to raise the temperature so high as to roast the specimen. 

Minerals and furnace products received for investigation in a 
diy, but not pulverized state, may be broken into fragments upon 
the anvil, and afterwards, if they be fit for powdering, triturated 
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in the agate mortar. Ghreat exactness in the results cannot be ex- 
pected, unless a portion eight or ten times greater than is required 
for one experiment be prepared, — except in the case of pure crys- 
tals and homogeneous specimens of minerals. It is impossible to 
represent the average constituents of any substance, as a rich 
metallic ore associated with extraneous nonmetallic constituents : 
for by taking a small portion for investigation, it is probable that 
either too small or too large a per centage of the metals is ob- 
tained, according to the excess of the metallic or nonmetallic 
ingredients present. Therefore, of minerals dressed on a large 
scale, an ounce should be selected from various parts of the mass, 
pulverized in an iron mortar, and, if possible, reduced to powder. 
A satisfactory result will be obtained, if 8 or 10 decigrammes, 
the quantity necessary for an experiment, be employed. 



DESCRIPTION OF THE VARIOUS QUANTITA- 
TIVE ANALYSIS. 

All minerals, ores, and furnace products must be specified 
under various heads, videlicet : — 

^ A. Ores, Minerals, and Products of Smelting Works, — ^the 
subdivisions of which are : — 

a. Such as contain volatile ingredients ; 

b. Such as contain no volatile ingredients except chlorine ; 

c. Compounds of metallic oxides reducible upon charcoal ; 

and 

d. Such as are irreducible with borax and vtorkable lead. 

% a Metallic Compounds, the principal ingredients of which 

are : — 

a. Silver, 

b. Gold, 

e. Copper or Nickel, 

d. Lead, 

e. Antimony or Zinc, 
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f. Tin, 

g, Mdcurj, 

A. Iron or steeL 



L— THB SILVER ASSAY. 

The Silv«r Assay with the Blowpipe, which Harkobt has 
published, is one of the most important qoantitatiye analjBis 
that can be performed with this instrument. It affords the 
means not only of ascertaining the proportion of silver in any ore, 
mineral, or production of smelting works, d cetera^ but also of 
determining its quantity with sufficient accuracy. Howeyer, 
to obtain satisfactory results, it must be considered what ingre- 
dients besides silver are combined in the body under exami- 
nation. 



i[ A. Ores, Minerals, and Furnace Products. 

a. Examination fob SiiysR m thosb Minsbals oontaining 
Volatile Inobedeents. 

To this class belong, besides the ores prepared on a greater 
scale, and containing large quantities of Sulphides of Iron, Copper, 
Arsenic, Antimony, and Zinc, the following minerals : Yitreous 
Silver, — Sulphide of Silver, — Antimonial Silver, Melan Glance, 
light and dark Ruby Silver, Telluric Silver, Arsenical Silver, 
A]^entiferous Sulphide of Copper, Miargyrite, Fahl Glance, Bis- 
muthic Lead Ore, Vitreous Copper, Boumonite, Tin Pyrites, 
Galena, et cetera; and of the furnace products, Bohstetn, Bleistein, 
Kupferstein, KupferUg, Tatty, Lead Speiss, Cobalt Speiss, 
et cetera. 

After preparation in the manner given on the two previous 
pages, the following procedure is to be undertaken : — 
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Weighing Mid Dremng of the Aaay. 

The weight is to be ascertained either on a balance, or upon 
the scales, described after the Gold Assay, and at the end of this 
Section. 

Of rich silver ores associated with nonmetallic constituents, and 
therefore prone to represent very varying contents, two, or if 
necessaiy, three samples, of one decigramme, ought to be weighed 
twice ; but poor silver ores, crystallized minerals, and also pro- 
ducts of smelting works, which generally form a homogeneous 
mass, may be weighed once only. However, if the experimenter 
be not accustomed to Blowpipe examinations, even ores which 
generally do not materially dijSer should be weighed and examined 
twice. 

A sample of one decigramme being weighed, it is to be poured 
from the basin of the balance, the adhering padddes can be 
removed with the hair brush, so as to incur no loss, — ^into the 
mixing capsule, and dressed with borax and proof lead. The 
requisite proportion of borax varies according to the quantity and 
fusibility of the substance. In most cases, one decigramme is 
sufficient even for a difficultly fosible alloy ; if, however, during 
the operation, the mass with this quantity appears intact when 
submitted to a strong heat, another small portion of borax should 
be added. For ores easily fosible, particularly for such as are not 
assodated with earths, and consist of sulphides which unite 
quickly with lead, but do not oxidize so readily as this metal, a 
small quantity only of borax, 50 to 76 milligrammes, ought to be 
taken. However, if argillaceous constituents be in excess, or the 
assay contains much iron, cobalt^ or tin, one decigramme of the 
flux will be necessaiy. 

With regard to the lead, it should first be considered what 
other metals besides silver are extant in the alloy, for if an ore, 
mineral, or furnace product contains no more than 7 per cent 
of copper, or 10 per cent, of nickel, five decigrammes of lead will be 
sufficient for one decigramme of the ground ore ; but, on the con- 
traiy, if the substance contains more than the above cited per 
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centage of copper or nickel, the quantify of lead must be increased 
As it is impossible always to have preBcienoe of the per centage 
of these metals in a mineral or ore, the safest plan to adopt is to 
have a slight excess of lead, otherwise the copper cannot be p^- 
fectly detached from the silver, and also, a fusion of a niokelifet^ 
ous workable lead is nearly impossible 

The annexed table shows tiie proportions of lead to the sab- 
stance in some of the most common minerals and fimiaoe pro- 
ducts, consisting partly of copper and nickel 



NAMES OF THE MINERALS. 



PER CENTS. 
OF METAL. 



DSOIOEiJiMKS OF 
LEAD. 



Copper Glance 

Purple Copper 

Tennantite 

Copper Blende 

Grey Copper 

Cupreous Bismuth . . . . 

Copper Pyrites 

Argentiferous Copper Glance . 

Tin Pyrites 

Boumonite 

Kupferstein, obtained from 
the fusion of roasted Cupri- 
ferous Bleistein .... 

Kupferleg 

Lead-speiss 

Cobalt-speiss 



84 Copper. 

63 „ 

45 „ 

42 „ 

40 „ 

35 „ 

34 „ 

30 „ 

28 „ 

12 „ 

■45 „ 

■50 „ 

•50 Nickel, 
Cobalt, and 
Copper . . 

•55 Nickel 
and Cobalt. 



15 
12 

10 
10 
10 
10 
10 
10 
7 
7 

10 
10 

10 
10 
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Haviiig added the necessary proportion of borax and lead to 
the ground ore, the whole assay is to be mixed, the handle of the 
spoon serving as a spatula. A comet of soda paper is now held 
carefully between the thumb and fore-finger of one hand^ the 
capsule with the assay in the other ; its contents are carefully 
placed in the comet, and the adhering particles detached by the 
small bmsh, and added to the main mixture in the recipients. 
When this is accomplished, the sides of the upper part of the 
comet must be brought together, folded over about a quarter of 
an inch, and pressed ; care must, however, be used in closing it, 
lest the under part be broken, and particles of ore be lost This 
accident will be avoided by keeping the comet upon the long side 
of the middle-finger, during the filling process. 

The comet, filled with the a^say, is next placed upon a porce- 
lain basin, where it is to remain until required for the experi- 
ment, — and if the same substance is to be inrestigated seyeral 
times, or various ores are to be examined for silver, they must be 
weighed and dressed similarly. The operator should remember, 
that the weighing of the assay must be followed immediately by 
the dressing with borax and lead, and should different substances 
be examined, a superscription on the comets will prevent any 
mistake. The weighing and dressing is succeeded by, — 

The Ftuion of the Assay. 

This is effected upon charcoal, in the reducing flame. First, a 
cylindrical cavity, the size of the filled comet, is bored with the 
instrument described in the first Section, — ^page 25, Fig. 24, — 
into a good piece of charcoal, upon its diametrical section, close to 
one of the edges. In this deepening the comet is placed, and 
carefully adjusted, so that it touches on all parts. 

A strong reducing flame is now to be directed upon the whole 
surface nearly of the assay. Although the soda paper becomes 
carbonized, still this carbon is not destroyed, until the upper part 
of the borax, together with the particles of ore, are fused ; and 
when this is accomplished, it is impossible to remove them by the 
current of air. If, after the combustion of the carbon, portions of 
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the assay appear as liquid soorisB, mingled with lead globules, the 
whole must be enveloped in a strong and pure reducing flame. 
During this operation, a small portion of sulphur, arsenic, anti- 
mony, sdnc, et cetera, volatilizes, but the greater portion fuses, and 
coalesces into a bead with the lead, et cetera ; while the aigilla^ 
ceous ingredients, with small quantities of the nonvolatile metals, 
oxidized, unite with the borax, forming scoriae. Sometimes, when 
the alloy consists of difficultly fosible metals, the scoriae appear 
to be perfectly free from lead, although, in its under part, the 
substance remains intact ; to submit this to the action of the 
flame, the charcoal must be inclined to the other side, and thus a 
further flowing action takes place in the cavity, and the sample is 
reversed. 

By this turning, which cannot be spared even with the most 
easily fusible mixture, the bottom of the soda paper is brought to 
the upper part of the charcoal, and, as it will be difficultly con- 
sumed by a pure reducing flame, the assay should be placed in 
such a position to the flame, that the recrements are only covered 
by it where they are not in contact with the soda paper; by 
observing these directions, atmospheric air accedes, and the comet 
is speedily consumed. When this occurs, the whole sample must 
be again covered by the flame, in order to reduce and reunite with 
the main bead all traces of lead, which during the antecedent 
process might have oxidized and combined with the recrementi- 
tious matter. 

If the scorise which have been enveloped in the reducing flame 
appear orbicular, perfectly fluid and free from lead, although their 
position near the bead of lead had changed several times, the 
operator may infer that they are free from silver also. 

During the operation, it is not indispensable to keep the leaden 
bead wholly covered while the scoriae are subjected to the 
reducing flame, but the temperature must always be sufficiently 
high to keep the plombiferous globule fluid. However, if, owing 
to an imperfect reducing flame, it happens that the recrementi- 
tious particles spread over the charcoal, presenting small globules 
of lead, the main bead must be covered wholly by the flame, and, 
by inclining the charcoal, brought to those parts of the support 
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where the small ones are visible, in order to combine with them. 
The assay being treated, as before mentioned, so fax that the 
scoria are in full fusion, and free from lead, the reducing must be 
substituted for an oxidating flame^ which must be kept at a 
somewhat greater distance from the lead globule. By the judi- 
cious application of the flame, the volatile metals, together with 
the sulphur, separate from the lead, and the readily oxidizable 
ones, as iron, tin, cobalt, likewise a small portion of nickel and 
copper, combine with the scoria, partly as protoxides, and partly 
as sesquioxides, whereas the greater portions of the nickel, copper, 
and silver remam with the lead. 

After elimination of nearly all the volatile constituents, the 
lead and also traces of silver rapidly oxidize ; — ^the latter, even 
in rich ores, is almost imperceptible, and becomes still more in- 
significant, when the scoriaB containing the oxide of silver touch 
the hot charcoal, for the greater portion of it is agam reduced, 
and can be made to recombine, by the movement of the scoriaB 
with the ai^entiferous lead globule. 

So soon as all volatile ingredients are vaporized, the motion 
and oxidation of the lead increase rapidly, attended with con- 
siderable ebullition of the scoria. By inclining the support, the 
button, which is generally surrounded with recrements, is brought 
to a free place, and allowed to refrigerate. After cooling, if the 
argentiferous lead, — workable lecui, — obtained be of a white color, 
the operation is completed ; but if it appears dull or blackish, 
traces of sulphur are present, and these must be expelled by 
repeated oxidation. Great care must be taken, in the expulsion 
of the volatile ingredients ; for, in the first place, the brittleness 
of an impure workable lead might prevent it firom being removed 
fi^m the scoriae, without loss of some of the partides ; and, 
secondly, not only because it can with difficulty be cupelled, but 
particularly, if sulphur remains, a violent motion ensues in the 
operation, occasioning the projection of some of the metal from 
thecupeL 

If the regulations here laid down be strictly followed, the small 
lead globules remaining in the scoriae will not be perceptibly 
aigentiferous, as they result only from the oxidation of the main 
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bead, and redaction of the oxide from the silyerless recrements by 
the carbon. Although the small quantities of silver oxidizing in 
company with the lead are to be calculated as loss, still they, in 
comparison to the oxidized quantity of lead, do not surpass the 
proportion of silver lost in the b^inning of the oxidation with the 
same quantity of lead ; as will be shown after describing this 
operation. 

Of substances treated in this manner, the most difficult of 
fusion are, sulphides of iron, arsenic, some ores of nickel, cobalt, 
and a species of rohstein, principally consisting of sulphide of 
iron ; wKereas other substances appertaining to the same class 
generally melt readily, even when they contain difficultly fusible 
earths. 

The fusion of these substances is greatly focilitated by roasting 
on charcoal, a process to which the lead assays are generally sub- 
mitted, with subsequent addition of the borax and lead necessary. 
In this operation, the greater part of the arsenic and sulphur vola- 
tilizes, and the remainder becomes acidified, combining with the 
newly formed oxides of cobalt and nickel. By submitting this assay 
to the inner flame, the oxide of nickel is reduced, the sesquioxide of 
iron becomes protoxide, and the acids are reduced to sulphur and 
arsenic. The metallic nickel combines with the lead, together 
with the silver and traces of sulphur and arsenic, forming an 
easily fusible alloy ; the free portions of sulphur and arsenic 
volatilize, and the sesquioxide of iron and oxide of cobalt dissolve 
in the borax. 

When the scoriae appear perfectly molten, and free from lead, 
it is only necessary to submit the alloy for some moments to the 
outer flame, when the last traces of sulphur and arsenic will be 
expelled. 

The fusion of argentiferous minerals should always be accom- 
plished in the reducing flame, because if the assay be treated with 
the oxidating flame, exact results cannot be expected : a con- 
siderable portion of the lead would oxidize at the outset, dissolve 
in the borax, and, coming in contact with the carbon, be reduced 
by it, forming globules with small particles of silver, which are 
intermingled with the recrements ; and even if these reunited with 
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the main bead, they would soon be replaced by others newly 
formed, tindistinguishable from the argentiferous lead. 

The time necessary for fusing a non-previously roasted alloy 
varies from five to eight minutes, according to its fusibility and 
the quantity of volatile and argillaceous constituents. 

The refrigerated globule must be separated from the scoriffi in 
the following manner : — ^The whole mass shoidd be removed with 
the forceps, wrapped in paper, and placed upon the steel anvil ; 
by a few gentle strokes of the hammer, the recrementitious par- 
ticles are perfectly detached. 

Treatment of the Workable Lead obtained by the Ftaion. 

The separation of lead from silver contained in workable lead 
is effected by oxidation at a red heat, with access of atmospheric 
air, and is based upon the property of lead to oxidize at such a 
temperature, while the silver remains unaltered. Habko&t 
divides tins process into two stages, the first termed Oxidation, 
the second, CupeUatim. 

The Oxidation. 

This operation is a very simple process. A cupel of siewd bone 
ashes is prepared by means of the instrument described at page 
29, placed upon the mould, and submitted to a red heat in the 
oxidating flame, to remove all hygroscopic moisture. By this pre- 
caution the experimenter will avoid a loss of workable lead 

The cupel being desiccated, is charged with the workable lead, 
and smelted in a strong outer flame until the sur&ce of the assay 
brightens, and oxidation commences. If the workable lead con- 
tains large portions of copper or nickel, the fiision requires more 
time, owing to the nickel separating from the lead at the com- 
mencement, and covering its exterior with an infiisible layer, which 
prevents access of atmospheric air, and makes the oxidation im- 
possible, — ^the copper renders the alloy but difficultly fiisible. If, 
therefore, much nickel is present, a small quantity of pure lead, 
— ^two to four decigrammes, — should be added to the assay. 

x 2 
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When the oxidation begins, the point of the Blowpipe must be 
advanced so as to produce a fine blue flame, which must be di- 
rected upon the sides of the cupel, in order to continue the fusion 
without immediate contact ; by this procedure the sunoimding 
air has acceds to the bead, the lead and copper of which oxidize, 
forming scoriae, which are conveyed on the liquid mass to the sides. 
If the assay does not contain much silver, the scoria iridesoes 
beautifully, and remains upon the sides of the cupel, forming a 
solid mass — litharge ; on the contrary, if the alloy be rich in 
silver, no prismatic colors appear, so that from this phenomenon 
a conclusion is arrived at, with regard to the richness or the poor- 
ness of the ore. The presence of copper renders the lithaige 
almost black ; but if the assay be free from this metal, the dross 
is of a reddish-yellow color. 

Care must be taken during this process to preserve an appro- 
priate temperature, for if the heat be too high, portions of lead 
volatilize, particularly in rich assays, entrailing a small portion of 
silver, and the litharge, instead of congealing, remains fluid, and 
is absorbed by the bone ashes of the cupel, thus causing a new 
loss of silver. On the other hand, if the temperature be not suf- 
ficient for keeping up the oxidation, a coating of lithai^e covers 
the exterior of the alloy, and checks oxidation, et cetera. The 
loss of silver caused by this oversight is nearly imperceptible, as 
the oxidation again proceeds when the temperature augments ; 
but this accident should nevertheless be avoided. 

If the oxidation be e£fected at the temperature at which the 
litharge surrounding the bead solidifies, and accumulates in such 
a manner that it covers the greater part of the assay, obstructing 
the free access of air, then the cupel must be inclined, that the 
molten lead may flow by its own gravity to the sides, — ^thus ac- 
quiring a greater oxidating surface. Its volume now diminishes 
rapidly, and when it is in a poor assay, of about double the size 
represented in Fig. 6, c, page 11, or in a rich ore, the operator 
must carefully r^ulate the distance between the cupel and the 
flame, for the gradual cooling of the assay. The slow refriger- 
ation is necessary to obtain the globule in a regular form, and 
prevent any loss of silver, for by too sudden a decrease of tempera- 
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ture, the lead generallj detaches itself at once from the scorise, 
often occasioning the projection of particles of silver fix)m the 
cupel. 

A phenomenon peculiar to rich alloys, which ensues if a sample 
containing upwards of fi% per cent, of silver be treated so far 
that the proportion of silver to lead is about seven to one^ ought 
not to be omitted : in such a case, the congealing globule acquires 
a greyish-white coating, containing a large proportion of silver ; 
probably this is a suboxide of lead, with metallic silver. — 
The greater portion of this pellicle remains with the litharge, 
causing a considerable loss of the noble metal. If this inconve- 
nience occurs, the assay ought to be fused again with the reduc- 
ing, and afterwards submitted to the oxidating, flame, in order to 
change the above given proportions. When, therefore, rich sub- 
stances are to be examined, the process must be pursued until the 
globule consists of pure silver nearly, as the previously mentioned 
phenomenon only manifests itself in alloys of the composition one 
part lead to seven of silver. 

The operation being regularly terminated, the cupel is removed 
from its support, put upon the anvil, and the litharge with the 
argentiferous globule, placed in a porcelain basin. During the 
refrigeration, the operator can prepare the cupel for the succeeding 
process. 

The separation of the metallic globules from the dross is most 
eajsily accomplished, by placing the mass upon the anvil in a 
strong paper, and striking it rather sharply with the hanmier. 
In this process also, the globule acquires an indentation, which 
admits of its being placed in the cup^l, so that it cannot move 
from place to place. 

The CupeUation. 

The cupellation is the most difficult part of the whole experi- 
ment, and, for obtaining exact results, requires great care, and 
also long practice. One of the principal requisites is a good cupel, 
possessing a smooth surface, no fissures in the interior, and not 
too dense, as it is necessary, in this operation, that the bone ashes 
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should absorb all the lithaige generated For this reason, bone 
ashes not only sifted, but also levigated, ought to be employed, — 
the first not affording so dense a mass, whereas the latter, by 
themselyes, are apt to give a soft snx&oe. 

The prepantion of the cupel is conducted in the following man- 
ner : — ^The oxidation process being finished, and the argentiferous 
lead, et cetera^ removed from the bone ashes, the cupel not spoiled 
by lithaige is to be comminuted with the iron spatula, and tiien 
placed in the iron stand, the cavity filled with levigated bone 
ashes, and the new cupel formed by means of the bolt ; the cupd 
is then submitted to a red heat If any crevices, owing to moi^ 
ture, open during the process, they are readily filled up by apply- 
ing, with some force, the warm clean bolt, upon the interior. 

When the cupel is finished, the argentiferous globule must be 
placed close to its border, and the support then approached near 
the flame. An oxidizing flame having been directed horizontaUy 
upon the button until fusion has ensued ; the support must then 
be brought gradually to a perpendicular position, by which motion 
the globule leaves its place and rolls to the centre of the cupel 
At this moment the flame is withdrawn from the bead, and di- 
rected upon the cupel only, surrounding it, which must be kept 
up at a red heat during the experiment. If the temperature be 
sufficiently high, the bead will remain molten, without being 
touched by the flame ; but if not, the assay must be again fused 
with the open flame, and afterwards subjected to the other treat- 
ment. 

The surest guarantee for the success of the cupellation is the 
dryness of the bone ashes, and the absorption of the litharge, for 
when the bone ashes are not sufficiently heated, the cupel acquires 
a coating of litharge, upon which the globule oscillates, and if the 
assay be not altogether spoiled, at least the results will be uncer- 
tain. For the completion of the operation, the heat is augmented 
for the purpose of expelling entirely the last coating of litharge ; 
the globule must then be withdrawn gradually from the flame, 
and allowed to cool. An inspection through the lens will then 
convince the operator whether the surface is bright, and if not, 
.a new cupellation must be undertaken. In rich assays, five to 
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ten seconds before the brightening, iridescence ensues, — a beau- 
tiful play of colors appearing momoitarily on the sur&ce of the 
globule, which after a short time, appears lustrous and white,— 
which disappears with the remainder of the lithai^e. It is, 
however, necessary to continue the blast, and the touching the 
button on all parts with the apex of the blue flame, until the 
silver exhibits a pure bright color. In the heating of a greater 
globule, small asperities sometimes appear on the exterior, which 
might be taken for the extraneous matters, but after refirigeration 
they will be recognized as silver. When silver obtained from 
chloride of silver is treated with the oxidating flame, after the 
lapse of a few seconds, asperities present themselves, which, how- 
ever, cannot be removed either by the reducing flame or upon 
charcoal A partial oxidation of the silver appears to take place 
in this instance. 

To prevent a spitting of the metal, the globule must, as pre- 
viously remarked, be cooled very gradually. 

The cause of this spitting is, according to Lucas and Gat- 
LussAC, owing to silver in the molten state being capable of ab- 
sorbing large portions of oxygen gas from the air, which is rapidly 
discharged during the refrigeration of the metal, and sometimes 
occasions the projection of small portions of silver from the cupeL 
Graham states that this property is possessed by pure silver 
only, and does not appear at all in silver containing one or two 
per cent, of copper. 

Should the assay contain copper, the silver, at the moment of 
brightening, generally dilates upon the cupel, and although it 
appears white after cooling, yet this is no proof of its purity. 
Such a button ought to be ftiised and cupellated a second time, 
with one decigramme of pure lead, if it is large enough for 
weighing, and if not 50 milligrammes, in order to obtain a pure 
and splendid globule. The cupellation of a cupriferous alloy in 
this manner is of better effect, than by the direct addition, at the 
outset, of a quantity of lead sufficient for the separation of the 
copper, as this, in many cases, requires the double quantum of 
lead, impeding the oxidation, as well as the cupellation; tiie 
reason i£^ that in the oxidation much less copper oxidizes, com- 
paratively, than in the cupellation. 
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In the cupellatioD of poor assays, inoonyenienoes often arise, 
which appear to be of very little importance, but if attention be 
not paid to them, exact results will not be obtained. 

1. It often happens that the small globule adheres to the cupel, 
and when the process is pursued, the form becomes so irngular 
that a determination of its weight is very di£5icult When this 
occurs, a small portion of pure lead should be added to increase 
the weight of the assay, and the whole recupelled. If then the 
cupel be slightly inclined, the gravity of the button is sufficient 
to segregate it from the impediment, and conduct it to another 
place, where the process can be terminated. 

2. Sometimes, if the operator does not possess sufficient 
practice in cupellation, the lithaige, instead of being absorbed 
by the bone ashes, surrounds the metallic mass. Should this 
take place, the operation must be suspended, and the button, if 
laige enough, removed by the forceps from the recrementitious 
matters ; if, on the contrary, it be too small, a portion of pure 
lead is to be added, and fused with it. In both cases, the 
operation must be performed upon a newly prepared cupeL 

3. Often, after brightening, a coating of litharge remidns upon 
the silver, and, although the metal appears to be pure, cannot 
be entirely separated. Its expulsion and imbibition are, however, 
effected, by placing it at a convenient distance from the Blowpipe, 
and submitting it to a powerful oxidating flame. If all the 
directions given in the preceding pages are exactly complied with, 
it is possible to obtain accurate results, even from substances 
containing 0*000752 per cent, of silver. 

In cases where it is necessary to find out the quantitative con- 
tents of alloys still poorer, several assays of one decigramme 
should be weighed with the requisite quantity of borax and lead, 
fiised in the previously described maimer, and cupellated like 
workable lead, two or three globules at a time. When this is 
finished, all the buttons must be united, and again submitted to 
a new oxidation and cupellation. By this process, a determi- 
nation of the silver contained in the whole substance is effected, 
so that, by a simple division of the weight of the button by the 
nimiber of decigrammes employed, the per ccntage of silver in 
^ach assay may be found. 
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Det&mdnativn of the Weight of the Silver OlobuUs obtained. 

In order to determine the weight of the pure silver globule, 
it must be removed from the cupel by the forceps, and freed, as 
formerly shown, from any adhering lithaige, then weighed upon 
the balance. Should it be so small that its gravity can be ascer- 
tained with greater exactness upon the scale, it must be very 
carefully removed from the cupel, so that its form may not alter, 
and measured on the instrument described after the Gold Assay. 

As, in the cupellation of a larger quantity of argentiferous lead, 
a small portion of silver oxidizes, which, combining chemically 
with the litharge, is absorbed by the bone ashes, it was deemed 
necessary to ascertain this loss, to ensure an accurate result. 

Although this oxidation of the silver takes place, not only in 
the cupellation, but also in the first process, the loss sustained is 
much inferior to that occurring in the mercantile assayings, in 
which all the litharge is imbibed by the cupel 

In an assay containing one per cent, of silver, it is almost im- 
possible to determine this loss upon the balance; it, however, 
increases in a relative proportion with the size and nature of the 
globule. It also varies according to the quantity of lead employed ; 
but remains constant for each per centage of silver, if the pro- 
portions of the lead, and the temperature, are not changed. 

The following will show the justness of these observations, in 
contradiction to the statements of those chemists, who suppose 
that a mechanical separation of the silver is e£fected. 

1. If a button of pure silver, of known weight, be frised in the 
oxidating flame, with a portion of litharge upon a clay basin, 
and, after refrigeration and separation from the scorise, reweighed, 
a loss of silver will be obvious, although no traces of metallic 
silver are perceptible in the litharge, or upon the basin. If the 
lithaige is mixed with a small quantity of soda, and treated in 
the reducing flame, a plombiferous globule will be obtained, 
which, when cupelled, affords a silver button. Gold, when sub- 
mitted to the preceding treatment, suffers no loss, and, therefore, 
no trace of the noble metal is obtained on cupelling the litharge. 
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2. If a weighed silver globule be heated witili borax upon 
charcoal, in the oxidating flame, the borax glass assumes an 
enamel aspect, after the lapse of some moments, owing to the 
solution of some oxide of silver. When this glass is heated in 
the reducing flame, small particles of metallic silver appear upon 
its exterior. Though this last example does not prove that the 
loss of silver sustained in the cupellation is chemical, it shows 
the capacity of this metal to oxidize at a high temperature. 

These reasons were sufficient inducements to the formation of 
a Table for the use of the assayist, that he might readily detect 
the quantity of silver lost in any of the alloys. This Table is not 
only adapted for the determination of the loss sustained in the* 
cupellation of substances free from copper, but eiao for cupriferous 
alloys, which are not obtained in a pure state by the first addition 
of lead. The proportions, with the requisite quantities of lead 
for cupellation are given ; tidelicety instead of 5, 7, 10, 12, and 
15 decigrammes — see pages 301, 302, — 6, 8, 11, 13, and 16 
should be taken — see page 315. The following su^ests itself 
here : whether, in a cupriferous silver ore, requiring, say 15 
decigrammes of proof lead, and treated, according to the quantity 
of sulphur, in the oxidating flame, — ^by which a part of the lead 
oxidizes, combining with the scorise, and another part volatilizes, 
— ^the loss in the cupellation is the same as if no lead was lost in 
the fusion ? Experience afibrds the following answer : 

If an argentiferous lead be treated with borax on charcoal in 
the oxidating flame, a small portion of silver oxidizes with the 
lead, and this loss of silver being in an exact ratio to the loss 
sustained by oxidation, where the litharge remains on the cupel, 
this loss of lead must therefore be taken into account 

The loss of lead by volatilization, which sometimes amounts 
to half or one decigramme, needs not, however, be considered, 
as the volatilized portion causes no appreciable change in the 
cupel loss, on account of the difference produced in such cases, 
even where the per centage of silver is very large, not exceeding 
0*01, or, at the utmost, 0*05 milligrammes. 
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Gong^msaUan Table for the Loss of Silver sustained in CupeUation. 
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Here it is scarcely necessary to observe, that if the operator 
be not accustomed to Blowpipe operations, the cupellation is 
generally effected at too high a temperature, in which case, even 
if account be kept in mind of the cupellation loss, too low a per 
centage of the noble metal ensues. It is, therefore, of the greatest 
importance to ascertain the proper degree of heat required for 
the experiment, and the best ?ray to arrive at it is by repeated 
analysis. The following is given as an example : — 

A globule of fine silver is exactly weighed, dressed with 
five decigrammes of lead and the requisite proportion of borax^ 
fused in the reducing flame, and the workable lead obtained, 
cupelled. If no mechanical loss ensues, and by weighing the 
button a greater deficiency is indicated than given in the Table, 
the temperature is too high ; but if the loss corresponds with 
that noted in the Table, the necessary heat has been employed. 
The greatest loss is generally sustained in cupellation. 

If the balance is so sensible that it indicates a weight of 
005 milligramme, the cupellation loss may be carried to the 
second place of decimab, and calculated for a silver button the 
weight of which is between 90 and 100, 80 and 90, or 70 and 80, 
et cetera, milligrammes, from the difference of the same ; exempli 
gratia, if, from an assay dressed with 5 decigrammes of lead, a 
silver button is obtained having a weight of 53*45 milligrammes, 
as the difference between 50 and 60 is 10, and as 53'45 makes 
the third part of this difference, so the " cupel loss " for the per 
centage of silver would be 032 + 225zi«:« = o-32 + 01 = 0'33 
milligramme. 

If, however, the balance is only sufficiently delicate to turn 
with O'l, the cupel loss should not be extended to the second 
place of decimals, — ^when the number in the second place sur- 
mounts 5, it is to be reckoned as 0*1. 

It is obvious that the cupellation loss is not to be reckoned 
in experiments serving as a control in mercantile examinations, 
because a hu^er deficiency of silver results in such operations ; nor 
is it necessaiy with globules the weights of which are ascertained 
upon the scale, the loss sustained in them being so minute that 
its results may be exceeded by mistakes committed in measuring 
their diameters. 
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L ExAiaNATioN OF Ores, Minerals, and Furnace Produots 

OONTAININa NO VOLATILE INGREDIENTS EXCEPT ChLORINE. 

To this class belong ores consisting principally of earthy 
matters, and poor in silver, — ^roasted argentiferous ores, — all 
silver ores roasted with chloride of sodium, which are to be 
amalgamated, and the residues of the amalgamated process; 
Horn Silver, Earthy Silver Glance, argentiferous slags, and sJso 
the dross of gold- and silversmiths. 

Of the desiccated and pulverized substance, two-thirds of a 
decigramme are weighed, and dressed with one decigramme of 
borax and five decigrammes of proof lead. If, however, the assay 
contains copper, the proportion of lead must be augmented in 
proportion to the quantity of the former metal The whole is 
then enveloped in a comet of soda paper, and pressed into a 
prepared charcoal cavity. 

As in this operation few constituents are present which are to 
be combined with and then separated from the lead, and as the 
process consists principally in forming an argentiferous button, 
and vitrifying the earths and difficultly reducible metallic oxides 
by means of the borax, the assaying is effected without the 
slightest inconvenience. The sample is only to be submitted to 
the reducing flame until the lead has completely alloyed with 
the silver, forming a molten button, and the recrementitious 
matters are in fiill fusion. The same precautions are to be 
observed as in the fasion of ores containing volatile ingredients. 
By this procedure, the earths and difficultly reducible metallic 
oxides are vitrified, the easily reducible ones, as the oxide of 
lead, of roasted lead ores, et cetera, reduced and combined with 
the proof lead, the chloride of silver decomposed, and the 
chloride of lead formed volatilized as a white vapor, part of 
which coats the charcoal ; the silver fuses, and alloys with the 
lead, forming workable lead. 

When the operation is terminated, the workable lead is allowed 
to refiigerate, then detached from the scoriae, and beaten into a 
cube upon the anvU. The oxidation, cupellation, and the weigh- 
ing or measuring, are performed in the ordinary way. 
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Should the subBtance contain more volatile ingredients than 
chlorine, the workable lead will appear of a black or da^ grey 
color ; when this occurs, it ought to be refused with the scoriae 
for some minutes in the oxidating flame, in order to expel any 
sulphur or arsenic that may be present. Ores containing very 
ffinall portions only of real silver present no black aspect, as the 
minute qualities of sulphur and arsenic are evolved on the first 
application of the heat 



e. Examination of Furnace Products oonsisting of Mbiaiiig 
Oxides which are easilt reduceblb upon Charcoal. 

The most prominent of these are the litharges and liie 
abttriehi. — If the workable lead resulting from plombiferous ores 
be cupellated for silver, several sorts of litharge are obtained. 
The first appearing immediately after the fusion of the substance, 
is the abmnff^ which adheres to plombiferous minerals. The 
second are termed abstrichs, or Uack IMofyes, and present 
themselves when the molten mass is exposed to the blast ; their 
aspect changes firom black and metallic, to yellow and yellowi^- 
grey, and they contain all the easQy oxidizable metals ; the metal 
generally predominating in them is antimony. The red UAarges 
formed after the abstriehsy until the termination of the process, 
consist of nearly pure oxide of lead, contaminated only by traces 
of silver and oxide of copper. 

Their content of silver is generally inconsiderable, and often 
cannot be ascertained in an assay of one decigramme. As, how- 
ever, these substances consist of no foreign metal besides lead, 
the reduction of which is easily efifected, their quantity of silver 
is readily determined. 

Five decigrammes of the body are weighed, pulverized, and 
dressed with 50 milligrammes of soda, and 50 milligrammes of 
borax, enveloped in a comet of soda paper, placed in a charcoal 
cavity, treated with the reducing flame, until all the oxide is re- 
duced, and the scoriffi, free fix)m lead, are perfectly liquid. 

The globule obtained firom the litharge is generally exempt 
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from volatile metals, aod contains but a small proportion of 
copper ; whereas, that obtained from the abstrich is usuallj con- 
taminated irith antimony, arsenic, copper, zinc, et cetera. These 
ingredients, however, disappear, if the scorisB are treated for a 
long time with the reducing flame. The oxidation and cupel- 
lation are effected in the ordinary way. The weight of the button 
is determined by the scale. 



d. Examination of Minerals which are not decomposed bt 
Borax or Lead upon Charcoal. 

Up to this time no mineral can be arranged under this head, 
except Molybdena Glance. It contains 0*176 per cent, of silver. 

For analyzing this mineral, the following flux has been found 
the most satisfactory : — 

Take 1 decigramme of the specimen, and dress it with — 
Soda, 150 milligrammes ; 
Borax, 150 milligrammes ; 
Lead, 5 decigrammes. 

In a comet of soda paper inserted in a cavity in the charcoal, 
place the assay, and subject it to a strong reducing flame. The 
soda decomposes the mineral, sulphide of sodium is formed, and 
the liberated molybdenum partly combines with the lead, and 
partly volatilizes, coating the charcoal with a white sublimate. 
When the liquid scoriae flows quietly, it is a sign that the decom- 
position is terminated The argentiferous globule must now be 
exposed to the air, and treated with the reducing flame, until all 
the molybdenimi, which gives a white and brittle alloy with the 
lead, is expelled. The addition of the borax is to prevent the 
recrements from dilating upon the support. The workable lead 
obtained is then oxidated and cupellated. 
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% a Metallic Compounds, 



€L Examination of those Compounds which have Silver as 

A PRINCIPAL 00N8TITUBNT. 

Among these rank native silver, blieksilber, brandsUber, amal- 
gamaUber, cupelled silver, and standard silver. The operation 
for these consists only in fusing with pure lead, and cupellatiiig. 
The quantity of the substance taken may vary firom 80 to 100 
milligrammes, as it is very difficult to obtain a piece of a certain 
weight — Ka the examination is not effected upon exactly 100 
milligrammes, a particular calculation is necessary for deducing 
the per centage of the assay from the weight of the treated sub- 
stance; thus, 85'5 milligrammes were treated with 200 milli- 
grammes of lead, from which 83'6 milligrammes of pure silver 
were obtained, the cupellating loss of which is 027 milligrammes, 
therefore, the following proportion is indicated : — 
85-5 : 83-6 + 027 : : 100 : x. 
^= ^'"''^57^''' = 9809 per cent 
On account of such compounds being obtained with great 
difficulty in small particles, as foreign matters on the surfieu^ 
of the sample might prevent exactness in the results, they should 
be scraped off previously to weighing, and treated on charcoal 
If native silver, blicksilber, or brcmdsilber is to be assayed, one 
decigramme of lead and 50 milligrammes of borax are requisite, 
for cupriferous amalgams and standard silver ; the proportion of 
lead varies from two to five decigrammes, however, according to 
the quantity of copper. The mixture is fused in the reducing 
flame, until the noble metal becomes alloyed with the lead, and 
the borax appears perfectly free from plombiferous particles. 
The assay is then allowed to refrigerate, and the button removed 
and separated from the flux. Though the addition of borax is 
not absolutely required, still it prevents any violent action en- 
suing, which, if occurring, would falsify the results. 

Such allojrs as require but one to two decigrammes of proof lead. 
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are assayed upon the cupel. Cupriferous alloys, however, treated 
with three to five decigrammes of lead, must first be submitted to 
oxidation, to dispel the greater part of the copper, and then 
cupelled. 

The fine silver globule is, after the termination of the process, 
removed firom the cupel, struck slightly with the hammer upon 
the anvil, and then weighed upon the balance. 



b. EXAMINAnOK FOB SiLVEB IN MbTALLIC COMPOUNDS 
CONSISTINa CHIEFLT OF QOLD. 

Under this head is placed Native Gold, and alloys consisting of 
gold, silver, and copper. 

In these the per centage of silver is readily determined at the 
same time with that of gold. The procedure will be specified 
under the Gold Assay. 

c. Examination fob Silveb in Allots wherein Copper 
AND Nickel predominate. 

These compounds are : — black copper and ffoarkupfer affined 
on a lai^e scale ; copper coins contaimng silver ; brass, bell- 
metal, German silver, et cetera. 

For procuring quantities sufficient for weighing, the alloy must 
be ground with a strong file, and when ffoarkupfer , black capper, 
coined copper, or German silver is assayed, the following pro- 
portions must be employed : — 

Substance, 1 decigramme ; 
Lead, 15 decigranmies ; 

Borax, 1 decigramme. 

The dressed sample is then wrapped in a soda paper comet, 
inserted in a charcoal cavity, and treated with the reducing flame 
directed upon the assay, until it has been some time in fusion, 
and all metallic particles have disappeared from the sui&ce. In 
this operation, cobalt, iron, and zinc oxidize ; the first two dis- 
solve in the borax, whereas the zinc volatilizes. 

T 
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The woikaUe lead obtftined, which oontMiu copper or nidLel, or 
both metek, may, without being cooled, be brought upon ihe 
steel anTiI This spares the detaching of the scoriso. It is now 
to be cupelled in the common way, but if the globule produced 
contains copper, a dilation ensues, which will prevent a determi- 
nation cS its weight upon the scale ; this is, however, remedied 
by adding 50 milligrammes of lead, and recupelling. 

When brass or bell metal is to be assayed, the following pro- 
portions must be taken : 

Alloy, 1 decigramme ; 
Lead, 10 decigrammes; 
Borax, 1 decigramme. 

The assay is fused like the former, in the reducing flame, until 
the borax is exempt from metallic particles. The flame is then 
directed only upon the flux, to allow the atmospheric air access 
to the lead, to oxidate the tin, and the nonvolatilized portions of 
zinc. The oxide of tin combines with the borax ; the oxide of 
zinc is entirely dispelled. If, then, the surface of the assay 
appears bright, it must be poured upon the anvil The sub- 
sequent operations are conducted according to the method pre- 
scribed for cupriferous substances. 



d. Examination of Metaujo Coxfounls, the fbedominating 
Metals being Lead or Bismuth. 

To this class appertain workable lead, prepared on a laige 
scale, revivified lead, argentiferous bismuth, et cetercu 

Of these alloys, the workable lead is the richest in silver ; a 
portion is to be laminated, cut into shreds with the scissors, two 
decigranmies weighed out, placed upon a cupel, fused in a mode- 
rate oxidating flame, and cupelled immediately. If little or no 
copper is present, a bright and orbicular globule wiU be obtained, 
but when much copper is contained in the alloy, dilation ensues, 
without any external brightening ; should this occur, one deci- 
gramme of lead ought to be added, and the operation terminated 
upon another part of the cupeL The weight of the button 
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obtained, diYided by two, gives the per centage of silver for one 
dedgramme. 

As the workable lead is a furnace product requiring a further 
treatment, in which a loss of silver also takes place, it is evident 
that the cupelling loss in this operation need not be taken into 
consideration. If, however, the per centage of silver is to be 
determined exactly, five decigrammes of such lead ought to be 
weighed, fiised, and refined in two periods, and if, owing to too 
large a quantity of copper, the silver globule is not yet sufficiently 
pure, it is to be recupelled with one decigramme of proof lead. 
To the weight of the fine silver ^obule thus obtained, the amount 
of the cupelling loss, answering to the oxidized quantity of lead, 
is added, by which, and division of the sum by five, the real per 
centage of silver for one decigramme of the examined workable 
lead wiU be found. 

If revivified lead (x bismuth is to be examined for silver, the 
former is cut into shreds like the workable lead, but the latter, on 
account of its brittleness, must be pulverized under the hammer. 
As no high per centage of silver can be expected in these com- 
pounds, an assay of five decigrammes ought generally to be 
employed. The weighed quantity of the alloy must either be 
immediately introduced, like workable lead, into a good cupel and 
fused, or in case the assay consists of a number of small particles, 
they should be first fused together on charcoal, and* the globule 
removed from the support in two portions. 

The sepaj»tion of the aig^itiferous l»smuth bead, which is to 
be subsequently cupelled firom the oxide of bismuth formed 
during the oxidation, should be efiiected with great care, in order 
to prevent particles of the brittle material remaining. The 
globule ought never to be raised from the accumulated oxide, but 
the latter always detached by means of the pincers. 

The pure globules obtained in the cupellation are to be 
measured in the scale, and the content of silver in one decigramme 
calculated from the weight found. 
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e. Examination of Metallic CoMPOtnfmfl in which 
Antimont OB Zinc prevail. 

The subsequent observations apply particularly to azgentifeious 
antimony or zinc. 

If the antimony contains some per cents, of silver, it can be 
treated on charcoal in the oxidating flame*; the antimony volati- 
lizes, and the silver remains as a dull bead If, however, this 
does not happen, the silver may probably have been carried away 
by the current of air, and consequently the following operation 
must be performed. 

Weigh one decigramme of the alloy and fuse it upon charcoal, 
in the reducing flame, with two decigrammes of proof lead, and a 
small quantity of borax, and subject the metallic button to the 
oxidating flame, to expel the antimonide of zinc. Oxidation of the 
lead does not commence until nearly the whole of these metals 
are volatilized. When the fumes cease, the blowing must be dis- 
continued, the workable lead allowed to refrigerate, then separated 
from the scorise, and cupelled. This treatment is preferable for 
antimony, even when much silver is present, because, without an 
addition of lead, the last traces of antimony are expelled but im- 
perfectiy from the silver, and often a minimum of this metal 
might remain ; besides, if other metals, as copper or iron, are 
present, these are segregated by the lead in cupellation. 



/ Examination of Metallic Compounds in which Tin 
IB the principal Ingredient. 

Take for example Argentiferous tin. 

As tin cannot be separated from silver, either by cupellation or 
volatilization, upon charcoal, it must be treated in the following 
manner : — 

Weigh, of the substance to be examined, one decigramme, and 
dress it with — 
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Lead, 5 dedgrammes ; 

Soda, 50 milligramines ; 

Boiax, 50 milligramines. 
Envelop the assay in a comet of soda paper, place the whole in 
a prepared charcoal cavity, and heat in a strong reducing flame, 
until the metals form an orbicular alloy, and the borax and soda, 
— ^the latter is employed to prevent an oxidation of the tin, — are 
vitrified. When this is accomplished, the metallic globule alone 
is to be touched with the blue flame, care being taken to prevent 
a violent oxidation of the tin, so that the glass may imbibe all 
the oxide formed. If reduced particles of tin appear upon the 
sides of the scoria, discontinue the blowing, and allow the assay 
to oooL The refrigerated globule, to which one decigramme of 
borax is to be added, must now be treated upon another piece of 
charcoal, first with the reducing flame, and, if perfect fusion is 
effected in the oxidating flame, until it presents a bright sur&ce. 
The workable lead, rendered by this operation firee from tin, is 
submitted to oxidation and cupellation, and the per centage of 
silver ascertained upon the bsJance, or, if too small, upon the 
scale. 



g. Examination of Metallic Compounds, the fbinoipal 
Inqkedient of which is Meboubt. 

To this class belong native and artificial amalgams of silver, 
and argentiferous mercury. 

One decigramme of the substance is weighed, placed in a small 
glass tube, with a bulb at one end, as in Fig. 44, page 202. The 
tube is held inclined, and heated gradually over a spirit-lamp. A 
veiy moderate heat volatilizes the greater part of the mercuiy, 
which deposits gradually, in a metallic state, upon the upper part 
of the tube. The bulb must now be heated to redness, and kept 
in this state until no more mercuiy is eliminated, when the tube 
is allowed to cool. After refrigeration, by slightiy agitating the 
vessel, the globules of mercuiy readily cohere, and the main 
globule formed can be poured out^ by gradually inverting the 
tube. 
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If the substance sulwiitted to this operation was an amalgam, 
the silver remains in the bnlb as a porous bead, andean readily be 
extracted. This globule must be fused in the reducing flame with 
borax, and one decigramme, or, if it contains copper, two to three 
decigrammes, of proof lead, and the formed workable lead tieated 
in the usual way. The weight of the silyer globule obtained is 
then ascertained upon the balance, and, if a native amalgam has 
been employed, the cupeDing loss deducted. 

However, if the distilled alloy be aigentiferous mercury, the 
residuum in the tube is very inoonsiderable, and cannot be 
detached from the bulb without great difficulty. In this case, the 
greater part of the tube must be cut off with a file, and what 
remains in the bulb dressed with one decigramme of lead, and 50 
milligrammes of borax, and the whole placed in a charcoal cavity, 
and submitted to a strong reducing flame, until the metallio com- 
pound exudes firom the glass. The argentiferous lead is, after 
cooling, easily separated from the glass and charcoal, and must 
be refined upon a well burned cupel of levigated bone ashes, and 
the resulting silver globule measured upon the scale. 

The cupellation is necessary in both cases ; 1, — ^because l^e 
silver cannot be frised in the tube, and consequentiy all the 
mercury is not eliminated ; 2, — because the amalgam obtained 
from amalgamated ores often contains various metals, which 
remain in the distillation, and can only be separated from the 
silver by cupellation. If, however, gold be extant in the assay, 
it cannot be segregated in this way, but must be treated in the 
manner given under the examination for that metal 



k. EXAMDTATIOH OF MbTALUO COMPOUNDS HAVIKa IbON OB 
StEBL FOB A FBINOIPAL iKGBEDIElJrT. 

As iron or steel cannot be united immediately with lead in the 
Blowpipe flame, their union must be effected in an indirect 
manner. It is generally known that sulphide of iron combines 
with lead, if these bodies are treated with borax in the redudng 
flame ; and ultimately, by heating in the oxidating flame, sulphur 
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volatilizes, and the iron oxidizes and is absorbed by the borax, 
either in the state of a protoxide or a sesquioxide. Therefore, if 
iron or steel is united with sulphur, the silver contained in the 
mineral may be separated as easily as if argentiferous sulphide of 
iron, et cetera, were assayed. 

When hardened steel is to be examined for silver, it must first 
be submitted to a red heat, allowed to refiigerate, and, when cold, 
its surface cleansed, and about the necessary quantity for an 
examination taken off it with a file. One decigramme is then to 
be weighed and dressed with — 

Sulphur, 50 milligrammes; 

Lead, 8 decigrammes; 

Borax, 1 decigranmie. 
The whole must then be enveloped in a soda paper comet, placed 
in a cylindrical charcoal cavity, and heated in the reducing flame 
until the assay, forms a molten bead. By this treatment the 
sulphur combines with the lead and iron. 

As one decigramme of borax is not sufficient for imbibing the 
whole oxide of iron formed in the oxidation following the fusion, 
another decigranune of the flux is to be added, the whole re-fosed, 
and submitted to a very strong oxidating flame until the impure 
lead begins to exude firom the glass. The assay must now be 
held so that the lead is in contact with the flame, — ^the sulphur 
volatilizes, the iron oxidizes, and the formed oxide combines with 
the borax. Afier elimination of the sulphur, and segregation of 
the iron, the blowing is to be interrupted, and the lead, present- 
ing a bright surface, and containing all the silver of the iron, 
allowed to refrigerate. If, when cold, it be of a whitish color, it 
must be treated like an ordinary workable lead, and the weight of 
the silver globule ascertained ; if, however, it be brittle, and of a 
blackish aspect, it should, before cupellation, et cetera, be sub- 
mitted to a re-oxidation. 
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Gold can be separated in the diy way, like silyer, from sab- 
stances in combination. 

As it is not susceptible of oxidation, even when treated with 
borax or lead in the outer flame, and sustains no loss in the 
cupellation, its per centage in ores, minerals, furnace products, 
et cetera^ may be ascertained with the greatest exactness. The 
examination for gold, howeyer, is more difficult than for silver, as, 
in most instances, gold, submitted to Blowpipe analysLs, contains 
a quantity of the latter metal, which in native gold varies from 
2 to 35 per cent 

From examinations of silver ores dressed in the Freybeig 
works for gold, the following results were obtained : — 

Videlicet. — ^That all sulphides of iron holding from 0'0142 per 
cent, to 0*4!56 per cent of silver, contain gold. This metal forms 
an ingredient also of the fiimace products which are produced in 
the smelting of auriferous silver ores. 

The various auriferous substances are brought, according to 
theii nature and composition, under several heads ; thus : — 

If A. Gold Ores, Auriferous Silver Ores, and Furnace Pro- 
ducts containing Gold and Silver. 

1[ B. Metallic Compounds, consisting of — 

a. Gold and Silver. 

b. Gold and Silver, alloyed with other metals. 
e. Gold and Mercury. 

H A. EaamifkxHon of Gold Ores, Aari/eraus Siher Ores, and 
Furnace Products containing Gold and Siher. 

Under this class are ranged — 

1. Native Tellurium, containing, according to Elapboth 0*25 
per cent gold, but no silver. 
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2. All ores and minerals, containing silver, and also gold ; as 
Graphic Tellurium, — Graphic Gold, — the cpmposition of which i» 
60 telluiium, 30 gold, and 10 silver ;— according to Bbbzelius, it 
contains 52*0 tellurium, 24*0 gold, 11*3 silver, 1*5 lead. Yellow 
Telluriam, — ^Weiss-silvaneiz, containing, according to Elapboth, 
4475 telluiium, 2675 gold, 19-60 lead, 850 silver, and 050 
sulphur ; Black Tellurium, composed of 32*2 tellurium, 54'0 
lead, 9'0 gold, 0*5 silver, 1'3 copper, and 3'0 sulphur ; Noble 
Molybdena Glance, was found to contain 4*9 gold, and about 0*3 
silver. 

3. All argentiferous sulphides of Iron and Copper. 

4. Boh' and Blei-stein. 

5. The auriferous dross of gold- and silversmiths. 

Of Gold ores, containing little or no silver, a quantity suffident 
for one examination is prepared, and treated in the same manner 
as an assay of silver. After cupellation, the color of the globule 
must be observed, for if only 2 per cent, of silver were present, 
the gold would acquire a brass color. If the gold be pure, which 
is known from the color, its weight may be determined either 
upon the balance or the scale. When its color is very light, it 
it must be submitted to a new treatment, which wiU be hereafter 
described. 

Of substances containing more silver than gold, a portion of 
10 to 15 decigrammes must be reduced to powder, dressed and 
treated as in an examination for silver. From the quantity of 
silver yielded, the number of assays necessary for obtaining a 
sufficient quantity of gold, to make a quantitative determination, 
is calculated. Should the substance contain not more than 
0*114 per cent of silver, a considerable quantity of it ought to be 
pulverized, and at least 2*5 granmies taken ; on the contrary, if 
the per centage be larger, exempli gratia^ 029 per cent, 10 to 16 
decigrammes are sufficient for an examination. The dressing of 
the assay with lead and borax is effected in exactiy the same 
manner as an argentiferous one, but when copper is present, the 
proportion of lead must be augmented. The fusion and cupelh^ 
tion can also be achieved in a similar way to the assaying of a 
silver alloy. 
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Sulphides or mineralB containiiig laige quantities of sulphur, 
and little silver, are analyzed in the following way : — 24i to 36 
decigrammes of the pulverized substance are divided into paicels 
of three decigrammes each, placed in a clay basin, the insideof which 
is covered with a coating of reddle, and roasted without addition 
of charcoal, like a copper assay. 

When nearly all the sulphurous vapor is eliminated, the assay 
is to be repowdered, and heated until no appreciable quantity of 
sulphur remains. This being accomplished, the residuum must 
be placed in a porcelain basin, over a lamp, and treated with a 
sufficient quantity of hydrochloric add to dissolve oat the formed 
oxide of iron or copper. The metallic oxides and the silver being 
dissolved, the gold, with some extraneous matters, will remain. 
The solution is then to be evaporated to dryness, and treated 
with boiling water. The soluble chlorides dissolve, and are to be 
separated from the chloride of sQver, et cetera, by filtration and 
edulooration. The filter holding the insoluble ingredients is to 
be dried, and after desiccation opened, and dressed cautiously 
with five decigrammes of lead and one decigramme of borax. The 
dressed assay must now be placed in a charcoal cavity, submitted 
to a feeble oxidating flame, in order to carbonize and consume the 
filter, and then treated with a strong reducing flame. In this 
operation the chloride of silver is decomposed, its base alloying 
with the lead and gold, the earthy constituents being dissolved in 
the borax. The metallic alloy is oxidized and cupelled in the 
ordinary way, and the auriferous silver globule obtained treated ac- 
cording to thedescribed method fortheseparationof gold firomsilver. 
It sometimes happens that sulphides containing less than 
4 loths, = 0-114 per cent, of silver, are to be analyzed. — 1 loth = 
14-58808 grammes = 239-68 English grains.— In this case, 36 
decigrammes are not sufficient, therefore, according to the per 
centage of the noble metal, the following proportions must be 
taken, mdelket : — Of a substance containing, — 

3 loths = 0*0939 per cent, of silver, 48 decigrammes. 

2 „ = 00616 „ „ 72 

1 „ = 00370 „ „ 144 

i „ = 0-0142 „ ,. 288 
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As the weighiiig of a quantity of nearly 290 decigrammes in 
portions of three decigrammes each, would be very troublesome, it is 
sufficient to weigh upon an ordinary balance, according to the 
apothecaries' weight, of an ore containing, — 

3 loths of silver in the cwt 80 grains ; 
2 » „ )> 120 „ 

] „ „ „ 240 „ and 

i »> » 9} 280 „ 

and to pulverize it welL 

For the same reason, as it would be exceedingly inconvenient 
to roast a substance in parcels of three decigrammes each, the 
following expert method may be undertaken : — 

Upon an iron foil, bent into a basin shape, place the whole 
assay, besmeared several times with day water, and well dried ; 
and submit it to a strong red heat, continually stirring with a 
platinum spatula until no more sulphurous acid vapors are 
evolved, then triturate the residuum in a mortar, and subject the 
powder to a second roasting. 

The assay, after these operations, must be introduced into a 
porcelain basin, placed over a spirit-lamp, treated with hydro- 
chloric acid, evaporated to dryness, and then mixed with a 
quantity of water to dissolve out the soluble chlorides, the 
menstruum filtered, what remains on the filter edulcorated, 
desiccated, and, if it exceeds one decigramme, weighed in parcels 
of one decigramme esich. 

Each decigramme of this residue is to be dressed with 
Lead, 5 decigrammes ; 
Borax, 1 decigramme ; 
'fused like an argentiferous assay, and cupdled as already 
stated. The treatment of the auriferous globule will de described 
in the subsequent paragraphs. 



332 EXAMINATION FOB GOLD, IN ALLOTS 

^ a Metallic CompouniB. 

a. Examination of such as contain Silvbb and Gold ohlt. 

To these belong native gold, alloys of gold and silver, and 
the aigentiferotts gold, or auriferous silver, obtained from the 
assayings of auriferous minerals and ores. 

As, up to the present time, no process is known for separating 
gold from silver in the dry way, the moist way, termed in this 
instance Q^artaHony or Bsfifiing of Gold and Sihety must be 
employed. 

For effecting the separation, the proportion of the gold to the 
silver should not exceed 1 to 3, as, if more gold be present, the 
solution will be performed either imperfectly, or not at all Wben 
the gold is more than the above proportion, it so protects the 
silver, that even when hot fuming nitric add is poured over the 
alloy, a very slight action only ensues. It is therefore indispen- 
sable to make a preparatory assay for determining the composition 
of the alloy, and if too small a portion of silver be present, add a 
quantity sufficient for producing the given standard. 

Gold containing even no more than 2 per cent of silver, is, as 
has been previously stated, of a brass color ; if 30 per cent of 
silver are present, it appears lightly brass colored, but when the 
quantity of silver amounts to 60 per cent, a yellow color is no 
longer perceptible. Therefore, from the intensity of the tinge in 
an auriferous alloy, conclusions as to its composition, and the 
necessary quantity of silver, can be drawn. 

When native gold of a brass color is to be assayed, it is gene- 
rally supposed that the per centage of silver associated with it is 
not high ; in this case 20 to 30 milligrammes of the alloy are 
weighed, fused with 3 x 20 = 60, to 3 x 30 = 90 milli- 
grammes of pure silver, — ^reduced from the chloride of silver, — 
and a small quantity of borax, in the reducing flame. Of a light 
colored auriferous body, 50 milligrammes are weighed for exami- 
nation, and alloyed in the same manner with 50 x 2 = 100 
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milligrammes ; or, if the per centage of silver does not amount 
to 30 per cent, witl^ 110 to 120 milligrammes of pure silver. 
In alloys presenting a bright white aspect, and composed of about 
40 gold and 60 silver, the per centage of the latter metal cannot 
be previously known; therefore one decigramme of the alloy 
should be fused on charcoal, with 60 to 80 milligrammes of pure 
silver, and a small addition of borax. In compounds of gold 
and silver obtained from the assaying of minerals or gold ores, 
gold is generally prevalent, necessitating their fusion with double 
or triple their weight of pure silver. On the other hand, the 
composition of alloys produced from roasted ores or sulphides, is 
nearly always in the proportion of 25 of gold to 75 of silvelr ; 
therefore, such compounds may be analyzed without an extra 
addition of the latter metal. 

After weighing, according to the quality of the alloy, 20 to 
100 milligrammes, and fusing upon charcoal with the necessary 
quantity of silver, the produced globule must be placed upon an 
anvil, laminated, reheated upon charcoal, introduced into a small 
porcelain crucible, supported over a lamp, treated with pure 
nitric acid, and covered with a watch glass to prevent an elimi- 
nation of nitrous fumes. When the solution of silver is complete, 
the whole must be filtered and affused three or four times with 
hot distilled water, to remove the last traces of the nitrate of 
silver. The metallic gold remaining on the filter must be then 
dried, heated to redness in a platinum crucible, and weighed ; 
but should the quantity be too minute for the balance, it must 
be alloyed with lead, cupelled, and its weight determined upon 
the scale. One decigramme of lead will be sufficient for the 
dressing, and a small quantity of borax. The affining of the 
auriferous globule is often very difficult, owing to the proportion 
of lead present, but a little practice will greatly fecilitate the 
assayist in his experiments. For the purpose of rendering the 
calculations of per centage of gold in alloys more easy^ is an- 
nexed the following example : — If an alloy of 30 milligrammes 
has been assayed, and the product of gold obtained 25*5 milli- 
grammes, we h^ve, — 

30 : 25*5 : : 100 : ;r = 85 per cent of gold 
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If in native gold, or in an artificial aUoy, the per oentage of 
gilver is also to be ascertained, the assay mnst be capeDed, 
before fosion with fine silver, with one to two decigrammes of proof 
lead, to segregate any other metals, such as iron or copp^; 
after affining, weighed ; and the per oentage of silver calcolated 
from the difference, provided the quantity of gold has been 
ascertained 



b. EXAMIKATION OF MeTALLIO GoXFOminS, OOHTAINDra OTHBB 
MEIAIA BBSIDES OoLD AHD SiLVBR. 

The most numerous of these are gold, aUoyed with copper and 
silver. 

Of this aUoy, 30 to 50 milligrammes are to be weighed, fiised 
according to the per centage of copper, with three to eight deci- 
gnunmes of proof lead, and an addition of borax, upon charcoal, in a 
good reducing flame ; then affined like a cupriferous workable lead. 
The copper oxidizes with the lead, the gold and silver remaining 
pure. If, however, after cupellation, the gold globule does not 
appear sufficiently pure, owing to a trace of copper, the bead 
ought to be immediately remelted with one decigramme of lead, 
and again affined upon a clear portion of the cupeL 

The other observations agree with those described in the pre- 
ceding pages. 



c. exajonation of mstallio gomfounns oobbibtimq of 
Gold ksd Msboubt. 

Although these compounds are not found in nature, they are 
produced in auriferous amalgamations. To effect their analysis, 
50 milligrammes ought to be distilled in a glass tube, like 
amalgams of silver, and the residue cupellated with one deci- 
gramme of lead, and the refined globule weighed. If its color be 
very white, it is a proof of the presence of silver ; and, therefore, 
it must be submitted to Quartation, which has been previously 



harkobt's scalb. 

described, and the quantity of gold and edlver detennined. Of 
poor amalgams of gold and silTer, several samples of one deci- 
gramme should be introduced into a glass retort and distilled, 
and when the mercury is eliminated, new quantities of the 
amalgam ought to be added, and distilled, until the residue of 
argentiferous gold is sufficient for weighing. The operation being 
terminated, the gold globule is to be weighed, and, if necessary, 
fused with two to three parts of pure silver ; treated with nitric 
acid ; and the weight of the pure gold determined, from which 
the proportion of silver may be calculated 

The weight of the gold and silver is to be divided by the 
number of decigrammes of mercury submitted to distillation, 
whereby the per centage of the two metals in one decigramme of 
the assay under examination is obtained. 

1. Determination of the Weight of Gold or Siher Globules 
hy their Volume, 

It often happens that the affined globule obtained in quan- 
titative Blowpipe analysis, fix)m one decigramme of an argen- 
tine or auriferous substance, is so small that its weight 
cannot be detennined exactly, even upon the most delicate 
balance ; on the contrary, quantities sufficient to compensate for 
this poverty could not be operated upon, without depriving the 
Blowpipe examinations of their most important feature, videlicet 
— ^their simplicity and promptitude of execution. In order to 
avoid this difficulty, Haekort endeavored to calculate the per 
centage of any assayed subject by measuring the diameter of the 
metallic globule obtained. Experience has proved the correctness 
of this method, notwithstanding the differences arising from in- 
equalities in the form of the globules. 

Harkort^s Scale. — ^Fig. 47 represents a well polished ivory 
plate, upon which the line a b is drawn, parallel with one of its 
sides ; then at a short distance from a B are two other lines, a b 
and a c, convergent at a, and forming an acute angle. The line 
A B is divided into equal sections by small parallel lines, which 
cross the convergent lines ab^ac^ forming the bases of so many 
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Fig. 47. 
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triangles, similar to the large one, b ac ; all 
these triangles possess a common angle, the 
sides opposite to which are parallel to one 
another, consequently a proportion between 
these homologous sides can be established : 
exempli gratia, between the large isosceles 
triangle, b a Cy and the small one, fa y, there 
exists the proportion — 

a b : af : : b c, : ifff, and : :ac lap. 

According to the above, the space comprised 
between the two lines a b and a c^ may senre 
for the determination of the volume of a sphere, 
and consequently of its weight ' 

If we suppose that a spherical metallic button 
be placed upon the scale between the lines a 6, 
a c, and moved towards a, until the convergent 
lines from it became tangents, its diameter will 
be ascertamed and expressed by the line uniting 
both tangent points. If, for instance, the button 
is found to correspond with the space between 
the two lines d e, its diameter is thus repre- 
sented ; and another globule, introduced into 
the scale, and touching the lines at/^, would 
have the diameter of this part 

The position of the two metallic globules 
being ascertained, and their distances from the 
point a established, by the divisions upon the 
line A B with which they correspond, it is easily 
conceived how, from the relative proportions of 
their diameters, their weights may be ascer- 
tained. It will be as well here to remark, that 
the weight of homogeneous spheres is in direct 
proportion to that of their volumes, and the 
volumes are as the cubes of their diameters. 
Therefore, if L and I be the distances between 
the small globes and the point a ; V and « the 
two volumes, Wand tc the two weights, we have — 



and because 
we have 



harkort's scale. 337 

V:t,::(i.)3:(/^)3. 

d e :fff : : a d : af: :L : I 



V : « : : L« : P 
and consequently, the proportion of the weights to the volumes — 

W :w::L^:P 
Though this proportion, indicating only the relation existing 
between W and tr, gives no value to these quantities, it is evident 
that if the value of W be fixed, that of t(7 is immediately estab- 
lished, according to the following equation : 

W X P W 

e. = -j5-or=-.^^xP 

In order to give a known value to W, tha weighing of the 
button d eia sufficient: Harkort, therefore, selected an ore of a 
common per centage, and, having obtained equal results from the 
different globules, after repeatedly cupelling, he weighed the most 
regular, and found that its weight corresponded to a content of 154> 
loths in a hundredweight, or 4*354 per cent This is the Saxon 
hundredweight=110 pounds, each of which is divided into 32 loths. 
As the German author graduated his scale according to this division, 
it is retained, care being taken to give also the expression in per 
cents., to avoid mistakes. He placed it upon the scale, and find- 
ing that it agreed exactly with the number 52 of the line a b, he 
inscribed there the weight indicated by the ball corresponding 
with this point, thus establishing a standard of comparison for 
smaller globules. The first point of the proposition being esta- 
blished in this manner, it is evident that by introducing the value 
of W into the formula, «> = ^ x P, the weight of any ball to 
may be determined. It is also clear that the constant factor ^ 
remains the same in all the different values of w ; and therefore, 
the only care to be taken is, to determine the exact position of 
the globule upon the scale,— consequently, the distance / between 
it and the point a : for effecting this, the button is held between 
a pair of forceps, placed between the two lines on the scale, and 
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then moved until its tangent point is ascer- 
tained. In order to accomplish this exactly, 
a good magnifying glass is requisite ; also a 
perpendicular direction from the eje to the 
scale. 

Although in sodi an operation it is sap- 
posed that the globules are always orbicular, 
and of the same specific gravity, this is not 
the case, because, during the fusion, the glo- 
bules are compressed by virtue of their gra- 
vity, and conserving their flat form after re- 
frigeration ; also the degree of density is 
dependent upon the time allowed for cooling. 
However, in the limits between which the 
scale may be employed, the influence of the 
temperature, as well as the form of the glo- 
bule, are of no avail, as Habkort has ascer- 
tained from numerous carefully conducted 
experiments. 

Plaxtneb's Scale — its u$e in quantikftite 
Silver Assayings, The examinations for sil- 
ver, described in the preceding pages, being 
effected from one decigramme, — a standard 
representing the hundredweight in small 
operations,— Plattnbr constructed a scale, 
in order to use it for metallic globules ob- 
tained from an assay of this weight He tri- 
turated, therefore, intimately, a quantity of 
ruby siher^ with an equal quantity of a poor 
calcareous silver spar, and cupelled the mix- 
ture ; this operation was repeated several 
times, and constantly gave 1 22*5 loth8,or 5'48 
per cent silver. The assay was then submitted 
to the Blowpipe, and the same result obtained. 

The annexed wood engraving — ^Kg. 48 — 
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is a repiTOBentation of this scale, divided into 60 parts, the finrt 
oi wbioh answeis to the globule obtained from one decigramme 
of an ore containing 5*48 per cent. The constant fector ^ 
is therefore eqnal to 0*00098 for the division in loths ; and 
— = 0'00004!384!, if the content be expressed decimally. 

It is evident that a scale so constructed might be greatly 
extended, in order to serve for measuring metallic globules of a 
fax greater volume than what is indicated in the foregoing re- 
marks. This, however, is inconvenient ; as the weight of spheres 
varies directly as the cubes of their diameters, the differences of 
weight for each division of the scale increase considerably, — 
therefore, a button, having a greater gravity than can be ascer- 
tained upon any scale, may readily be weighed upon the balance. 

The divergence of the two lines a b and a c requires a remark. 
The smaller the divergence is, in general, the less will be the 
variation in weight for each descending line, and the more accu- 
rately the diameters of globules can be compared j but this is 
again limited in practice, for if the divergence be so minute that 
the difference between the diameters of two globulea cannot be 
ascertained, the scale becomes useless. The most convenient 
divergence has been found to be two-sevenths of a line, in a 
length of fi% English lines. — The English line is equal to 
31 7494 millimetres. 

The value of the scale is considerably increased by marking at 
the side of each division the per centage indicated in a metallic 
globule corresponding to it. For the smallest of these three 
decimals are sufficient ; if, however, the next decimal number 
exceed 5, the preceding may be increased by 1. A silver globule, 
when placed upon the scale, is often foiuid not to coincide with 
any of the perpendicular lines : in this case, the distance of the 
touching point from the upper line is ascertained ; then the dif- 
ference of weight corresponding to the divisions enclosing the 
globule is multiplied into the known fraction, and the product 
added to the weight indicated by the under line. Thus if a 
silver globule, placed at two-thirds of the distance between 43 
and 44, corresponds to a richness of silver comprised between 

z 2 
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83-48 and 77*916 loths, or, in decimals, 2*37160 and 221545 
per cent, the difference of the centesimal value being 0*15615, — 
this, multiplied by two-thirds, gives 010410, which, added to 
221545, shows the product to be 2*31955 per cent. The exact- 
ness of these calculations depends chiefly on the skill exercised 
in placing the smallest globules upon the scale, to ascertain their 
diameters. The operator may, however, control his results, by 
weighing a number of globules obtained firom an ore of a mean 
value, in one lot, upon the balance, after measuring them singly 
upon the scale, and dividing the whole weight by the number of 
globules taken. 



2. Application of the Scale far determining the weights of Gold 
Globules^ obtained in Qtiantitcttive Assayings. 

It is very easy to comprehend, that upon such a scale as the 
one just described, small gold globules obtained in cupeUation 
may also have their diameters and weights determined If gold 
globules were as much compressed in refining as silver, their con- 
tents might be ascertained firom the relative specific gravity of 
the two metals, but the cohesion of molten gold, being much 
greater than that of silver, prevents it fix)m assuming the flat 
form that generally accompanies the latter metal It was there- 
fore necessary to calculate a new &ctor for W. This, Plattnbb 
effected, by dissolving 946 milligrammes of fine gold in nitro- 
hydrochloric add, — aqua regia, — and precipitating the metal 
with protosulphate of iron, then filtering, edulcorating, desic- 
cating, und igniting the residue. The protosulphate in this in- 
stance, is converted into sesquisulphate, and sesquichloride of 
iron. — ^The metallic gold was next mixed with 1 4*544 grammes of 
calcareous spar, and portions of this submitted to cupellation, 
and also to the Blowpipe assaying. The mixture, 15*5 grammes, 
contained 946 milligrammes of gold, or 6*103 per cent. 

The metallic buttons obtained in the cupellation agreed very 
closely with the above, each weighing 6*09, — and the globules 
resulting from the analysis with the Blowpipe weighed, altogetiiier, 
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30*5, indicating a mean gravity of 6*08 for each, corresponding 
to 214*5 loths in a cwt. 

The experiments agreeing, Piattnee placed one of the globules 
between the lines a b and a c npon the silver scale, and found its 
tangent points to be in the middle, between the numbers 46 and 
47. Consequently, the fact that a gold globule placed upon this 
part weighed 6*07 milligrammes, = 214-5 loths per cent., estab- 
lishes the subjoined general equation : — 

«? = -? 
L 

W = 607, or 214-5 loths. 
L = 46-5 „ „ 
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TABU. 



Divistons 

of 
iktSeaU. 


SILVER. 


OOLD. 


Loikt pertwt. 


P^rOetUi. 


Uiktfetcwi, 


P«rCtei». 


1 


0-00098 


0000028 


000213 


000006 


% 


0-00784 


0000228 


O-0IT06 


0-00046 


3 


0-02646 


0-000752 


005760 


0-00164 


4 


0-06272 


0-00178 


0-13653 


0-00388 


<^ 


0-12250 


0-00848 


0-26667 


D0675T 


6 


0-21168 


000601 


0-46081 


0-01809 


7 


0-33614 


000955 


0-73174 


002079 


6 


0-50176 


001425 


1-09220 


0-03103 


9 


0-71442 


002029 


1-55528 


0-04418 


10 


0-98000 


002784 


213338 


0-06061 


11 


1-30438 


008705 


2-83952 


0-08066 


12 


1-69344 


004811 


3-68648 


0-10473 


18 


2-15306 


006116 


4-68708 


0-13296 


14 


2-68912 


007639 


5-85399 


0-16630 


16 


3-30750 


0-09396 


7-20015 


0-20455 


16 


401408 


011404 


8-73832 


0-24824 


17 


4-81474 


013678 


10-48129 


0-29776 


18 


5-71536 


016237 


12-44187 


0-35840 


19 


6-72182 


019096 


14-63286 


0-41570 


20 


7-84000 


0-22273 


17-06704 


0-48486 


21 


907578 


0-25783 


19-75936 


0-56134 


22 


10-43504 


0-29644 


22-71623 


0-64534 


28 


11-92366 


0-33874 


25-95683 


0-73741 


24 


18-54752 


0-38487 


29-49184 


0-83784 


25 


15-31250 


0-43501 


33-33406 


0-94699 


26 


17-22448 


0-48933 


87-49628 


106523 


27 


19-28934 


0-54799 


41-99131 




28 


21-51296 


0-61116 


46-83195 




29 


23-90122 


0-67903 


5203100 




80 


26-46000 


0-75170 


57-6C126 




31 


2919518 


0-82941 


63-55552 




82 


32-11264 


0-91229 


69-90659 




88 


35-21826 


1-00052 


76-66727 




84 


88-51792 


1-09426 


83-85036 




86 


42-01750 


1-19368 


91-46866 




86 


45-72288 


1-29894 


99-53497 




37 


49-63994 


1-41022 


10806209 




88 


53-77456 


1-52769 


117-06282 




89 


5813262 


1-65149 


126-54996 




40 


62-72000 


1-78182 


136-53632 




41 


67-54258 


1-91882 


14703468 




42 


72-60624 


2-06268 


15805785 




48 


77-91686 


2-21595 


169-61864 




44 


83-48032 


2-37160 


181-72984 




45 


89-30250 


2-53700 


194-40425 




46 


95-38928 


2-70992 


207-65467 




47 


101-74654 


2-89053 


221-40391 




48 


108-38016 


3-07898 


235-93476 




49 


115-29602 


3-27545 


250-99002 




50 


122-50000 


3-48011 


266-67250 
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III.— THE COPPER ASSAY. 

The composition of natural and artificial sabstanoes contming 
copper, is always to be considered before lihe commencement of 
the operation, as upon this the difficulty of the examination 
depends. For the same reason, cupriferous substancea are to be 
divided into the classes of, — 

If A. Ores, Minerals, and Fumaoe Products : — 

a. Containing volatile ingredients ; 

b. Containing the Copper in an oxidized state, with or 

without acids and water, vitrified, or washed in 
another manner with earthy constituents. 

% B. Metallic Compounds, the Copper of which is either a 
principal or an accidental constituent : — 

a, Hombiferous Copper, and Cupriferous Lead ; 

b. Alloys of Copp^ with iron, nickel, cobalt, dnc, and 

bismuth, one or several of these metals, often also 
with lead, antimony, and arsenic, as accidental 
constituents ; 

e, Stibiferous Copper ; 

d. Stanniferous Copper. 

For the ores, minerals, and furnace products belonging to 
the first class, roasting is necessaty, previously to the fdsion of 
the copper, in order to eliminate sulphur and arsenic ; but it is 
not so wil^ those of the second class. The impossibility of 
producing pure copper immediately from ores, minerals, and 
furnace products, containing several volatile metals, many of 
which cannot be expelled by roasting, is well known firom the 
fusion of copper ores on a large scale, as well as from the com- 
mon test in the diy way. As it may be necessary to give par- 
tiGulaiB concerning this point, the manipulation for obtaining 
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the copper, as correctly as possible, by the aid of the Blowpipe, 
will at one be proceeded witL 



1[ A. Orei^ Minerab, ProducU of Fwmaee$ and Ma'Mtfactwres. 



a. EXAIONATION OF SUCH AS CONTAIN VoLATILB InQ&BDIENTB, 

Stjlphub and Absenig. 

To this class belong all copper ores prepared on a large scale ; 
of minerals, — ^Kupfer Glanz, Purple Copper, Tennantite, Grey 
Copper, common sulphides of copper and tin, Boumonite, MelaiH 
glanz, et cetera ; and of fiimace products, kupferstein, kupferleffj 
cupriferom rohstein, bleistein, tutttfy et cetera. 

Of these substances, the necessaiy ground ore is prepared, and 
one decigramme weighed for examination. As they must be 
roasted previously to the fusion, the sample is mixed in the 
agate mortar, either with three times its volume of dry pulverized 
charcoal, or with 20 to 25 milligrammes of graphite, which in 
most cases, particularly for substances containing much arsenic, 
is more advantageous than charcoal. It is then placed upon a 
day basin, and besmeared with red ochre — sesquioxide of iron. 

A charcoal prism of sufficient size is introduced into the char- 
coal holder, and tightened ; a cavity is then made in it, and 
from its contiguous sides so much cut out with a kmfe as is pre- 
scribed by the orifice h. Kg. 27, page 27, in order to allow the 
flame access to the cavity. The platinum foil and wire is placed 
in it, the clay basin, taken with the pincers by the rim, is sunk 
in a horizontal position, until it reposes upon the platinum wire. 
For obtaining a horizontal position of the basin, it is necessaiy to 
hold the pincers so that their arms can pass through the orifice. 
After these preparations, the Blowpipe is provided with a point 
of medium size, then an oxidating flame, not too strong, is 
directed through the orifice upon the open space below the basin. 

In order to produce a red heat on the surrounding space, as 
well as on the basin, the charcoal holder should be at the di&- 
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tance of an inch and a half from the wick of the lamp, for if it is 
too near the flame, sufficient heat is not produced ; whereas, at a 
greater distance, by the introduction of a large supply of heated 
air into the cavily, tiiie combustion of the charcoal is too much 
accelerated, generally impairing the operation. The basin is kept 
for some minutes in a state of redness, though care must be taken 
to blow moderately, in order to prevent a partial or perfect fusion 
of the sample. In this operation, the presence or absence of vola- 
tile ingredients may be detected from the smell of the eliminated 
gases. Further ; the charcoal, added to the ore, is wholly de- 
stroyed, which can be ascertained by examination with the iron 
spatula, heated over the free flame of the lamp, in order to pre- 
vent the adhesion of small particles of the substance. The basin 
is removed from the holder, its contents placed in the agate 
mortar, and reduced to powder. Generally the ore changes its 
color in the first roasting, forming a porous mass, which may be 
easily detached from the basin, and seldom requires the use of 
the spatula. 

In this' roasting, which is terminated in about ten minutes, the 
greater part of the volatile ingredients is removed — sulphur, 
arsenic, and antimony — ^the addition of charcoal preventing the 
formation of sulphates and arseniates. For the complete elimi- 
nation of the volatile substances preventing the reduction of the 
copper, a' second roasting is necessaiy. The residuum of the 
first roasting is again mixed with three times its volume of pul- 
verized charcoal, the bajsin, prepared as before, placed on the 
holder ; if the charcoal, mixed with the substance, is in full in- 
candescence, a somewhat stronger heat is applied, and as soon aa 
half the charcoal is consumed, the assay is eicamined for volatile 
ingredients. If no smell indicating sulphur or arsenic is per- 
ceived, the remainder of the charcoal is allowed to bum under 
continued insufflation, after which the roasting is considered to 
be completely finished. On the other hand, if the volatile con- 
stituents are not wholly eliminated, a third roasting is necessary. 
It very seldom occurs, except in substances containing much arseni- 
cal nickel, that a fourth roasting is required ; two are generally 
sufficient In order to learn when the roasting is finished, it is 
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better to weigh the basm several timeB BuooeBsively^ as after the 
assaying its weight remains constant ; this, however, is difficult, 
and occnpies too much time ; therefore the smell aThaling from 
the roasted substance usually serves for ascertaining this period. 

R^arding the richness of substances roasted with pulverised 
diaicoal, conclusions may be derived with sufficieat certainty » 
from the color of the sample. The blacker the color, the ncber 
it is in copper ; if reddish or whitish, it is poor. U, instead of 
charcoal, graphite is emjdoyed, the assay is kept at a red heat, 
until the gases disengaged become inodoroun The graphite being 
destroyed sfewer than charcoal, and consequently rfmajning 
longer in immediate contact with Ihe substance, reduces coor 
tinuously the volatile ii^;redientB ; preventing, at the same time, 
the formation ci sulphates or arseniates. As soon as die smell 
of the flSRaping gas ceases, the basin is taken from the charcoal, 
and the metallic substance, mixed with the remainder of the 
gnq^te, is tntursted again in the agate mortar. This operation 
is indispensable, as, generally, during the roasting, the upper is 
sooner consumed than the lower portion of the graphite, in which 
unaltered metallic partides might remain, and these are again 
brought into contact with new portions of gn^thite. The sam^ is 
respread on the clay basin, and submitted to a new roasting in a 
higher tempenutnre. At the cammenoemait of this second opera- 
tion, the smdl of volatile matter is often pesroeivad for some 
moments, indicating the volatilizatian of the remaining traces of 
arsenic and sulphur. The blowing is continued until neaily all 
the graphite is destroyed ; then the basin is removed from the 
diarcoaL 

Absence of smell from an assay roasted with gaphite, is a 
sufficiently certain sign of the tetmination of the process. The 
constancy of the weight cannot be taken as a characteristic as the 
consumption of ihe whole graphite is not necessary. 1%e possi- 
bility of adding a suiphis of graphite to an assay, is the chief 
advantage of its ^nployment in roastuiga It is necessary to 
employ it in a pure state. K a cuprifierous mineral, prepared on 
the large scale, contains heavy epsr or gypsum, the sulphuric 
acid cannot be driven off by roasting ; thou^ the heavy spar is 
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reduced, in a red heat, to sulphide of barinm, aod the gjrpsam to 
sulphide of calcium, both substaiices re-ozidiEe after the oombufl- 
tion of the charooaL For the reductitm oif ihe copper contained 
in one dedgramme of the substance, roasted in the manner here 
described, the fdlowing dressing was adopted, tiddkei : — 
Soda, 100 milligrainmes ; 
Borax, 50 milligrammes. 

The soda reduces the oxide of copper, and other easily reduci- 
ble metallic oxides ; and the borax dissolves the oxides of iron 
manganese, cobalt, and the earthy constxtuents. 

The roasted sabstaoce, mixed with Ihe soda and borax in the 
agate mortar, are enveloped in a soda paper oomet, and pressed 
into a cavity, prepared on the diametiical section of a good piece 
of charcoal, near one of its comers. 

These preparations being effected, a pure and strong reducing 
flame is deflected directly upon the samjde, until the piq)er, tiie 
substance roasted, and the gn^hite are destroyed, and metallic 
copper is seen floating, either on the scoria, — ^with its peculiar 
gieeiiiflh-hliie eoior^ — or separately near them, in the form of a 
metallic globule. 

In rich substances the reduced copp^ speedily appears, but more 
slowly, and soxnetimes not at all, if the ore is poor. Sometimes, 
after a long continued strong insufflation, the copper unites to one 
globule. It, however occurs oftener, that minute metallic particles 
remain in the soorin. It is tbertfore preferable to interrupt the 
process of reduction, so soon as the melted coppor i^pears in the 
perfectly glossy scoriae ; to withdraw the scori» cautiously from 
the charcoal, — ^if not colored red, which indicates vitrified sub- 
oxide of copper ; reduce it to fragments between folded paper, 
upon the anvfl ; detach the visible globules ; levigate and lixiviate 
the mass in a porcelain basin, with a view to remove dross and 
charcoal ; and desiccate the baon with the copper, over the lamp 
flame. If the scorisB are not completely separated, they remain 
united with the copp(»', and adhere to the basin, from whidi they 
must be detadied by the spatula In this case, it is necessaiy 
to re-levigate with water, and to desiccate a second time, aft^ its 
aSusion, when the copper may be easily detached. If the copper 
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reduced in this way, and examined by a microeoope, displays its 
natural color, and is easily detached upon the anyil, its quantity 
may immediately be determined ; should it, however, appear of a 
grey color, fragile, or too ductile, these are signs of its contami- 
nation with other reduced metals. In this case, it ought to be 
fused on charcoal in the reducing flame, witii 50 milligrammes of 
lead^ and a small addition of soda and borax, until the copper 
unites with the lead, in the form of a bright globule, and the 
borax combines with the soda, as a limpid bead. 

After refrigeration, the cupriferous bead is detached from tlie 
recrements, and affined according to the subsequent prescription. 
If, in the reduction of copper from a roasted substance, easily 
fusible metallic globules appear, which can be readily united to a 
greater one, it may be concluded — 

1. That the roasting has not been entirely performed ; or that 
heavy spar or gypsum is present, the sulphur combining with the 
copper as sulphide, surrounding the pure copper, and forming with 
it a single button : 

2. That the substance contains other metals, making an easfly 
fusible alloy witii copper. 

As, by levigation and lixiviation, in the first case, a consider- 
able loss will be sustained, owing to the inferior specific gravity of 
the sulphide of copper and its divisibility, another process for 
separating the sulphide, together with the pure copper, is tobe pur- 
sued. Therefore, when these globules appear, the insufflation is 
interrupted, to ascertain their color. A black tinge indicates the 
presence of sulphur, whereas a greyish or whitish one proves the 
presence of other metals. Then the reduction is continued until 
all the copper is reduced into a ball, which may be effected by 
bringing the main globule successively in contact with all parts 
of the scorise. The reduction being completed, the ball is watched 
until it congeab, then quickly removed firom the fluid scori» by 
the forceps, and allowed to cool. Should the earthy sulphate in 
the treated substance possess but half the weight of the whole, the 
metallic copper forms only a button, enveloped in a thick crust of 
sulphide. But if a small quantity only of earthy sulphate be pre- 
sent, the kup/erstein forms a thin coating. The result is the 



OONTADnNG VOLATILE INGBEDIEKTS. 349 

same if the roasting be imperfect, or if sulphmr is foimd in an acid 
state. The globule, removed from the scoiisB, is fiised on char* 
coal in the reducing flame, with twice its weight of lead, and a 
little borax, until all the sulphur of the cupriferous lead is vola- 
tilized, and a bright metallic surface appears. After refrigeration 
the metallic bead is detached from the colorless glass, and affined 
in the manner described hereafter. In this operation, if other 
metals are extant, these are separated at the same time. 

In tiie second case, if the substance contains, besides copper, 
other metals oxidized in the roasting, it is also necessary to con- 
tinue the fusion until the reducible metals form a single globule, 
and tiie recrementitious matters are fused. After the termination 
of the process, the scorisB, with the metallic ^obule, are allowed 
to cool, and cautiously broken upon the anvil to detach all ex- 
traneous matters ; as the alloy, in the reduction, rises above these 
scorisB, and can easily be united to one ball, it is evident that no 
pulverization and lixiviation are necessary. Should antimony^ 
tin, or bismuth be present, the globule is brittie ; ductile, how- 
ever, with lead. With a view to avoid pulverization and lixivi- 
ation for compounds difficultiy combining in one globule, it is only 
necessary to add 30 to 50 milligrammes — according to the per 
centage of cc^per,— of granulated proof lead, by which means an 
easily fusible metallic globule is produced, which is to be affined 
in the manner subsequently described ; the affining, however, 
occupies less time than the lixiviation. 



b. Examination op Substancbs containing the Coppeb in 
AN Oxidized State, 

Either pure, or combined with Adds and Water, or vitrified with 
Earthy Constituents, et cetera. 

Minerais, — Red Copper Ore, Cupriferous Manganese, Black 
Copper, Chloride of Copper, Azure Copper Ore, Malachite, Arse- 
niate of Copper, Phosphate of Copper, Sulphate of Copper, eit cetera. 
Furnace Products, — ^All varieties of copper scoriae ; products of 
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manidactiiies, particularly the {ugmenta prqiared from copper and 
its oxides^ and the cupriferous iritriok. 

The subetances are not roasted, and, with the exception of the 
vitriohi, are treated as follows ; videlioet — 
Substance, 1 dedgramine ; 
Soda, 1 decigramme ; 

Borax, 50 milUgrammeB ; 
if the copper exceeds 38 per cent, from 10 to 20 milligrammes 
of oxide of antimony, or 50 milligrammeB of proof lead, are 
added 

The sample is mixed in the agate mortar, placed in the soda 
paper comet, and introduced into a cylindiicai cayity prepared on 
charcoal The reduction of the copper is effected in the same 
manner as the assays resulting from preriously roasted substances ; 
the soda, acting as the flux, combinii^ with chlorine, as well as 
with phosphoric acid; whereas, the borax dissolres the earthy 
particles, and the more diflicultiy reducible metallic oxides, and 
prerents the absorption of the soda by the charcoal, whoi cUorine 
and phosphoric add are absent. 

By the addition of antimony and pure lead, considerable losses, 
resulting from the spattering of the fine copper, often exceeding 
three per cent, will be aToided ; though it is certain that the 
evitation of this inconvenience produces another one, namely, the 
remaining of a small proportion of foreign metals ; this, however, 
is unimportant, as the final purification is one of the most simple 
and easy operations. 

For the examination of substances containing upwards of thirty 
per cent of copper, or where the presence of lead is surmised, the 
oxide of antimony is not to be employed. In the first place, it is 
to be feared that the copper, forming a very small globule, might 
be driven off mechanically, should the antimony be volatilized 
In the second place, an affinage with boradc acid would be un- 
avoidable. The sulphates of copper cannot be treated in the 
manner already described, for, though th^ sulphuric add is de- 
composed, and its sulphur partially combines with the sodium in 
the commencement of tiie operation, yet the former, owing to its 
great affinity for copper, separates again firom the radical of the 
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soda in a cu n t u wed leductiony fonning sulphide of oopper> which 
can witih difficulty be rendered pure, and seldom without loss. 
It is necessary, therefore, to dissolve one decigramme of the sul- 
phate in water, over the flame of a lamp ; to precipitate the ozide 
from the boiled solution by caustic potassa ; to filter, edulcorate, 
and desiccate the filter in a porcelain basin ; to bum the dry filter 
over a mortar ; to mix the ashes and metallic oxides with 50 
milligrammes of soda, and 30 milligrammes of borax ; and to 
fiise the sample, enveloped in a soda paper comet, on charcoal in 
the reducing flama By this operation, the copper is immediately 
obtained pure, if the original substance contained no foreign 
metak If, in this case, the levigation of the scorise should be 
avoided, 20 to 30 miUigrammes of proof lead are to be added be- 
fore the reduction, to form an easily fiisible plombifeious alloy, 
which can readily be affined by means of boraoic add. 



% B. Metallic Compounds, 

The copper can be separated with the Blowpipe firom its com- 
pounds with other metaU only by oxidation, which, acting upon 
those metals, partly volatilizes, and partly converts them into 
soorisB ; whereas, the copper remains in a metallic state. Though 
this operation could be effected by a process analogous to the 
affinage of coppest in smelting works, it is, however, difficult and 
always liable to loss of the metal The following process will 
answer best in dodmastio designs. It is founded upon the pro- 
perty that boradc acid possesses of dissolving, in the reducing, as 
well as in the oxidating flame, several metallic oxides, — particu- 
larly that of lead, — and of maintaining this combination, if it is 
not too much saturated, even in the strongest reducing flame ; so 
that, whatever ihe proportions of the copper to the lead may be, 
the separation can always be effected without the slightest loss to 
the former, and if a small portion oxidizes, it is reduced immedi- 
ately. If the copper contains other easily oxidizable metals, be- 
sides the lead, tiiese are all converted to oxides. It is therefore 
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eyident, that alloys contaming copper, lead, and such metals may 
be affined with the aid of boracic acid Alloys of copper with 
antimony or tin require another treatment. 



a. Examination of Alloys of Copper and Lead. 

The plombiferous copper, obtained by reduction of plombiferous 
copper ores. — ^The cupriferous lead, produced by reduction of 
cupriferous lead ores. — The cupriferous workable lead, produced 
on a large scale ; FrischstuckSy Saifferdamem, Darrlinge, 0t 
cetera. 

Alloys of copper and lead, obtained generally in one globule, 
from the reduction of one decigramme of a substance, are sepa^ 
rated as follows, mdelicet : — 

In a cavity, prepared on the diagonal section of a piece of char- 
coal, near one of its comers, a quantity of vitrified boracic acid, 
equal in weight to the plombiferous copper, is fused to a bead, 
the metallic globule placed near it, and both covered with a good 
reducing flame. As soon as the boracic add is fused, and the metal- 
lic globule presents a shining surface, the point of the Blowpipe, 
the opening of which ought not to be too large, is advanced in the 
flame, in order to change, gradually, the reducing flame to a blue 
one, which is so directed upon the fiised boracic acid, that the 
alloy remains untouched. It must also be well observed, that the 
metal remains in contact on one side with the glass, and on the 
other with the charcoal, as, even on the slightest inclination of 
the latter to the wrong side, the globule escapes under the glass, 
thus causing an interruption of the process. In this case it is 
necessary to incline the charcoal to the other side, under a feeble 
insufflation, to allow access of air to the globule. 

While the glass is treated with the blue flame, the lead bound 
in the alloy absorbs oxygen from the atmosphere ; the resulting 
oxide is carried to the boracic acid by the motion of its surface, 
and instantly dissolved. 

This process is continued until nearly all the lead is oxidized, 
and the metallic globule seems to assume a greenish-blue color ; 
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then a broader flame is directed upon the glass, to render the 
oxidation of the remaining lead slower, and to prevent a spatter- 
ing of the copper. This inconvenience it is almost impossible to 
avoid, if the operation is performed in a groove of insufficient depth ; 
therefore, the cavity ought always to have at least three-sizteenths 
of an inch in depth, and three-eighths of an inch in width. 
As soon as the greenish-blue color, peculiar to fused copper, and 
indicating the desired degree of purity, is obtained, the process 
is interrupted, the solid globule removed from the still fluid 
scoria, and its properties examined after cooling. The best indi- 
cations of its perfect purily, are, the common red color of copper^ 
perfect malleability, and arborescent appearance upon the Qxatace 
of the broken globule, when viewed through the microscope. This 
last sign is only perceptible in globules resulting from an alloy of 
high per centage. If the scoriie remaining upon the charcoal are 
of a yellow color, and limpid, the examination has b^en performed 
without a chemical loss of copper, and the bulb may be weighed. 
If the scoriffi appear reddish, or perfectly red, a loss of copper is 
indicated, which can be recovered in the following manner : 

If, as already mentioned, the boradc acid is not over saturated 
with oxide of lead, the oxide and suboxide of copper may be easily 
reduced, and separated in a metallic state by a good reducing 
flame. The glass treated after the detachment of the affined 
copper globule, with the reducing flame, becomes limpid, and of a 
yellowish color, after refrigeration; the reduced copper being 
scattered through it in small globules. These globules are 
obtained either by fusing agam the great copper globule, in a 
good reducing flame, allowing it to float in the scoriffi, covered by 
the flame, until all the small globules are united with it, and 
detaching it from the scoriss as before; or by breaking the 
scoiiiB enveloped in paper upon the anvil, and removing them by 
levigation and lixiviation, in a porcekm basin. In the first 
instance, the copper can be weighed immediately ; whereas, the 
globules remaining after removal of the scoriae ought to be dried 
in a basin over the lamp flame, and their weight ascertained, 
together with the large one. 

From a glass containing a quantity of oxide of lead, besides 

A A 



364 EXAMINATION OF ALLOTS OF OOFPEB AND LEAD. 

the oxides aad suboxides of copper, a single ^obule of lead and 
copper is obtained by reduction. For remoying the lead from 
this alloy, it is only necessaiy to fuse the ball for some moments 
with a small addition of boracic add in another cavity on 
charcoaL With the exercise of due caution, however, these labors 
are very seldom required, as, generally, the copper is obtained 
pure and without loss. 

If the substance examined for copper in this way contains also 
a quantity of silver, — detennined by an examination for tiiis 
metal, — ^it must be deducted from that of the obtained copper ; 
if, however, the per centage of silver has not been detennined 
previously, it ought to be treated as an assay of silver, with 
fifteen times its weight of proof lead, and submitted to oxidation 
and cupellation, by which means the quantity of the former metal 
is detennined. 

If, instead of plombiferous copper, as in the preceding case, 
cupriferous lead, — as it is sometimes obtained by the treatment 
of cupriferous lead ores — ia examined^ the alloy cannot im- 
mediately be afl^ed, owing to the time necessary for oxidation ; 
in this case, the operation ought to be effected in two periods, — 

a. The concentration, and 

p. The affinage of the copper. 

Although the concentration and affinage of a cupriferous alloy 
are performed with boradc add in the manner already described, 
a quantity of the latter sufficient for the solution of all the oxide 
of lead cannot be added, because the remaining copper globule 
will seldom be obtamed pure, owing to a tendency to imbed itself 
among the scoriae ; therefore, such assays must always be con- 
centrated previously to the affinage. The cupriferous lead is 
weighed exactiy, fused to a globule with a small addition of soda 
and borax on charcoal in the reducing flame ; it is then treated 
with its weight of vitrified boracic add, as though it were to be 
affined, until reduced globules of lead appear on the surGEtce of 
the glass. The greater portion of the lead being oxidized in this 
way, and separated from the copper, the insufflation is suspended, 
and after cooling the metal in which the copper is now concen- 
trated, it is detached from the scoriaa. If the glass appears like 
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enamel, which is geDerally the case, the operation is perfonned 
without loss of copper. By the concentration, a plombiferons 
globule is obtained, which may be treated as already described. 



b. examinaiion of allots oonsistino of coffeb, ison, 
Nickel, Cobalt, Zino, and Bismuth, 

And in wJdeh the Copper is combined trith one or several of these metals, 
and frequently mth Lead, Antimany, and Arsenie, 

To this class belong : — 

a. The impure black copper obtained from the treatment 
of cupriferous lead ores on a great scale ; and the Saiger- 
domem; 

p. The black copper obtained on a large scale from sulphide 
of copper, copper slate, and other copper ores containing no 
lead; 

y. The German silver, or argentan, and such compounds of 
copper with nickel as contain little or no lead. 



a. Affinage of the impure Black Copper prepared on a large scale 
from eupriferotu Lead Ores. 

This species of black copper contains, besides lead and copper, 
iron, nickel, antimony, zinc, arsenic, and various other metallic 
constituents. It is very brittle, and can be reduced to easily 
segregating laminae by percussion only. 

One decigramme of the substance is weighed, fused on charcoal 
to a single ball, if not already consisting of one piece, and treated 
with one decigramme of boracic acid, as already described, until 
the globule is covered with a coating of oxides, and has lost its 
fusibility. In this process, lead, iron, antimony, zinc, arsenic, and 
other easily oxidizable metals, and a portion of the nickel, become 
oxidized The formed oxides partiy combine with the boracic 
acid, and partiy volatilize. A portion of the nickel remains with 
the copper, in the form of a thin layer of oxide, greatiy obviating 

A A 2 
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the affinage. Though, by a prolonged oxidation, this coating, as 
well as the rest of the nickel, are dissolved by the scoriae, this 
cannot be effected without a considerable loss of copper. It is, 
therefore, better to add a quantity of pure lead, equal to the 
weight of the alloy, and to submit it to a new oxidation, perfectly 
equal to the first one. By this the nickel is oxidized, together 
with the lead, without loss of copper. Should the latter, not- 
withstanding these precautions, be dissolved in the scoriae, these 
ought to be submitted to a reduction, and after levigation and 
lixiviation weighed, together with the main ^obule. The 
oxidized nickel is only reduced in a continued strong inner flame. 
As this sort of copper often contains half a per cent of silver, the 
per oentage of this metal ought to be determined, and deducted 
from the weight of the copper. 



0. Affinage of the Black Copper obtained by the treatment on a large 

seale qf Sulphide of Copper, Copper Slate, and other non- 

plonibiferofu Ores in general. 

The copper in these alloys is generally in combination with 
either iron or zinc, or botL Brass also belongs to this class, 
although its per centage of zinc is large. 

The metallic compounds of this order can be affined in the 
same manner as the plombiferous copper :— one decigramme of 
the substance is reduced to fragments, fased on charcoal, with 
one decigramme of proof lead, according to the per centage of 
zinc and iron, and a small quantity of soda and borax ; after 
refrigeration and detaching of the scorias, the globule is treated 
with boracic acid, like plombiferous copper; the iron and a 
portion of the zinc oxidize, another portion of the latter volati- 
lizes, the copper remaining pure. U a small portion of the copper 
is also oxidized, it can be recovered by reduction and levigation. 
The per centage of silver in these alloys is seldom so great as to 
be taken into consideration. 
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7. DeUrminaHon of the Per Oentage of Copper in German Silver ^ and 
other NieheUferow Compounds containing little or no Lead, 

Nickel, in combination with easily fusible metals, oxidizes with 
difficully, its oxide dissolving in boradc acid. If, however, the 
glass saturated by it is treated with the reducing flame, its greater 
portion will again be separated in the metallic state. Therefore, 
in the separation of nickel from copper by means of boradc add 
and pure lead, the greatest care should be taken to prevent an 
oxidation of the latter metal, it being impossible to render it free 
from nickel in a reduction. 

As a loss of copper will be sustained if an alloy contains 
upwards of 20 per cent, of nickel, it is necessary to examine such 
substances in samples of about 60 milligrammes ; or 45 to 60 
milligrammes of the substance are weighed, and frised with two 
decigrammes of proof lead, and some borax, on charcoal, in the 
reducing flame ; if the alloy contains zinc, it is volatilized in this 
operation. After cooling, the borax' glass, which, if iron or cobalt 
were present, would have the coloring from those metals, is 
detached from the metallic globule, and the latter treated with 
one decigramme of vitrified boradc add, until the lead, with the 
greater portion of the nickel, is oxidized and imbibed by the 
scoriaB ; the remaining globule requires a higher temperature for 
continuing in frision. This operation must be performed by 
means of the blue flame directed upon the scorise, in order to 
allow the oxidation and scorification of the nickel The metallic 
ball is to be kept in contact on one side with the scoriffi, on the 
other with the charcoal, for if the point of the blue flame only 
acts upon the sample, the copper will oxidize ; — the flame ought 
to be so directed that it spreads over it. 

So soon as the scoriae are saturated with lead and nickel, — 
indicated by the reduction of a portion of the lead, and the diffi- 
cvltj with which the ball is kept in fusion, — ^the button is allowed 
to refrigerate, and is then removed from the scorise by the pincers. 
This ball, containing but a minute portion of nickel, is treated 
with its volume of proof lead and boradc acid on charcoal, as 
already described. From an alloy poor in nickel, the copper is 
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obtamed pure by this operation; on the other hand, if the 
portion of nickel be considerable, the globule obtained is still 
nickeliferous. In this case, it is fused again with its volume of 
proof lead, and one decigramme of boradc acid ; and this operar- 
tion ought to be repeated with twice the quantity of lead, and 
one decigramme of boracic add, if, after the second oxidation, the 
copper has not lost its white color. 

The 8Cori» formed in these operations must be of a red cobr, 
firom the oxide of nickel, and transparent when compressed with 
the pincers. Green colored transparent aomsb indicate dissolved 
oxide of copper ; a brownish tinge, with opacity of the Koam, 
indicates the presence of dissolved suboxide of copper : these 
colorings, however, only appear when the affined copper is kept 
fusing too long. Scorise of a brownish-red color ought to be 
covered with the reducing flame after removing the globule, to 
reduce the copper ; and then obtam it by levigation and lixivia- 
tion. The reduction should be continued until the red coloring 
of the scorisd has disappeared ; on the contrary, if the scoriae are 
colored blue by the oxide of copper, it is difficult to deoxidize it, 
even in the best reducing flame. The copper obtained from this 
species of scoriae is generally nickeliferous, and seldom exceeds O'l 
milligramme. 

If, after these operations, the copper has attained its natural 
color, its weight is ascertained, in order to calculate the value of 
the treated alloy. The following examples show that, notwith- 
standing all precautions, a small loss of copper is sustained in 
the described treatment ; this takes place in the affinage, as well 
as in the first and second treatment with boracic acid, though it 
cannot be perceived, owing to the dark color of the scoriae : — 

1 . From 50 milligrammes of an alloy of 50 copper, 25 nidcel, 
and 25 zinc, 24'5 milligrammes of pure copper were obtained. 
In this instance, therefore, there was a loss of 0*5 milligranmie 
«= 1 per cent. 

2. A mixture of 40 milligranmies of granulated nickd, with 
10 milligrammes of rasped copper, yielded, in the examination, 
only 8*6 milligrammes of copper, — ^loss, 1*4 milligrammes = 2*8 
percent 
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Although many experiments have been performed to disoover 
a ahorter and better way for examination, all endeavors have 
afforded as yet no more satisfactory results than treatment with 
lead and boradc add. 



c. Examination of Alloys of Copper and Antdiont. 

Among this order are found, particularly, the stibiferous alloys 
resulting from the examination of Grey Copper and copper ores 
containing no lead, and those obtained from rich copper ores, by 
the addition of oxide of antimony. 

The separation of these metals is easily, and without loss, 
effected upon charcoal in the oxidating flame. The sample is 
placed in a cavity prepared on charcoal, and fused by a good 
oxidating flame, at tiie greatest possible distance, taking care to 
direct the flame aside, from time to time, in order to allow more 
free access of atmospheric air. The antimony volatilizes, the 
copper remaining pure. If, owing to the high per centage of 
antimony, the oxidation is continued for a long time, the depth 
of the cavity increases, so that the flame touches the alloy 
with difficulty ; when this occurs, the process ought to be inter- 
rupted, and then continued on a new piece of charcoal 

The purity of the copper is recognized by its ductility, by its 
greenish-blue color in the fused, and its red copper color in the 
solid state. If the metallic globule does not possess these pro- 
perties, it must be submitted to a new oxidation. 

This sort of copper is generally argentiferous ; it ought there* 
fore to be «Esamined for sdlver. The per centage of this metal is 
then deducted from the weight of the crude gbbule. 



d. Examination of Alloys of Coffbb and Tin. 

The compound of copper and tin, obtained by examinations of 
one decigramme of pure sulphide of tin, bell, and gun metal» 
belongs to this class of alloys. 



EZAMDrATIOll FOB OOPPBR AHD TUT Off ALLOTR 

Boradc acid cannot be employed advantageoasly to aepante 

tm firom copper, not only as it is fiised with difficulty, if not in 

combination with oxide of lead, but also, because it scaicely acts 

as a solyent upon the tin. Better results are obtained by the use 

of a flux which combines fusibilily with the property of dissolving 

the oxide of tin. Its composition is as follows, videlicet: — 

Soda, 100 parts, 

Boradc Add, 50 parts, 

Silica, # 30 parts. 

If stanniferous copper is to be examined, about 60 milli- 
giammes of this compodtion are fiised to a ball on charcoal, and 
placed by the side of the alloy. Of the compound obtained by 
reduction from one decigramme of sulphide of tin, the whole 
quantity is taken, while of the bell and gun metal, the quantity 
ought not to be larger than 46 to 50 milligrammes. 

The glass bead, together with the alloy, is then fused in the 
reducing flame, until a rotatory motion ensues ; firom this the 
reducing is changed to the oxidating flame, which is so directed 
upon the glass, tiiat it is protected from the access of air. The 
metallic globule then begins to oxidize on its surface, and if the 
oxide of tin, as well as of iron, is present, the latter is dissolved 
by the glass. 

During the oxidation of tin, the sample ought to be kept in 
such a podtion, that the alloy may always be in contact with the 
charcoal on one, and with the fused glass on the other dde, to 
prevent an oxidation of the copper. As this glass readily dis- 
solves the tin, the process ought to be continued until it is 
perfecdy saturated with the metal Saturation is recognized by 
the formation of cavities in the enamelled glass, near which small 
particles of reduced tin appear. The solid metal is then removed 
bom the fused scoriaQ, and heated with 60 milligrammes of the 
above mentioned glass, upon another piece of charcoal, without 
detaching the small adhering portions of scoriae, until the color of 
fused copper appears ; at this period, the glass is covered with a 
pretty strong reducing flame, until it affords the properties of 
pure copper. It is then removed from the scorise, to observe 
its phydcal properties, color, and ductility. If it presents the 
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characteristic signs of pure copper, it may be weighed ; if not, 
it ought to be treated again, with 20 to 30 milligrammes of the 
flux. 

In an examination of this nature, care must be taken not to 
oxidize a portion of the copper, together with the tin ; if this 
occurs, the suboxide of copper dissolved in the glass will com- 
municate to it a browmsh-red tinge. Such scori» must be treated 
for some minutes with the reducing flame ; the copper is thus 
de-oxidized, combining with the main globule. A reduction of 
oxide of tin does not so soon take place, if the glass is not over- 
saturated. In the separation of tiie last portion of tiie tin from 
the copper, a quantity of the latter always oxidizes ; which, how- 
ever, if proper care be taken, does not exceed the average of 0'3 
milligramme upon 25 milligrammes. 



IV.— THB LEAD ASSAY. 

This metal ia found in four different states of combination, in 
Minerals, Ore, Furnace, and Artificial Products, — 

a. As a metallic alloy ; 

i. As a sulphide ; 

c. Oxidized with mineral adds ; 

(7. As a pure oxide, or' only in combination with organic 
acids. 

These four states of combination must be well considered in 
quantitative examinations with the Blowpipe, as it is sometimes 
necessary either to change certain substances in antecedent labors, 
or to separate wholly some constituents, before it is possible to 
render tiie lead pure. In substances containing the lead in the state 
of sulphide, its per centage may be ascertained in two different 
ways, videlicet — Substances containing other volatile ingredients 
besides sulphur, as arsenic, antimony, et cetera, are, as much as 
possible, purified from these bodies by calcination. The roasted 
sample is then mixed with soda and borax, placed between 
pulverized charcoal in two day basins, one of which, serving as 
the smdting vessd, is covered with a paste of charcoal, next 
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submitted to the reduciDg flame, in otder to de-oxidiEe the lead, 
and to scorify the other substiiices present in the assay. Here 
the reduced lead is scattered through the scoriae in granules of 
different sizes. He second treatment, employed only lately, is 
more simple, shorter, and likewise leads to eimct results. Sub- 
stances containing sulphides and arsenides, without antimony, are 
fused, without previous roasting, in a crucible, together with soda, 
borax, tartaric add, and metallic iron ; here the lead unites to one 
ball, the earthy and non-reducible oxides undergoing scorification. 

The description of the first treatment would have been omitted, 
had it not been for its usefulness in cases where the presence of 
copper has to be determined. 

With regard to the quantitative examination for lead, the mi- 
nerals, ores, furnace and manufactured products may be divided 
into, — 

a. Such as contain the lead in a state of a sulphide ; 

b. Such as contain it oxidized, and in combination with 
mineral adds ; 

c. Oxides of lead, either pure or combined with organic 
acids; 

d. Metallic compounds. 



a. Examination for Lbad, in Minebai^, Obeb, and Pboducts 
OF SifELTiNQ Works, ooNTAiNiNa this Metal 

OOMBINED WITH SULPHUB. 
First Method. 

The substances belonging to this dass, which can bs examined 
quantitativdy for lead by this method, are, among minerals- 
Lead Olance or Galena, Jamesonite, Boumonite, Zinhenite, d 
cetera ; among ores dressed on the great scale — Galena, and all 
lead ores containing sulphides and arsenides of other metals; 
and among products of smdting works particularly — hleistwh 
pUnnbiferous kupfentein, plamb^erous Jlue ratings ^ et cetera, 

A decigramme of these substances, reduced to a finely divided 
powder, should be weighed ; and then freed from volatile ingre- 
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dients, by roasting on a pipe-day capsule. As, howeyer, the 
roasting of lead ores is similar to that of copper with charcoal 
powder, it will be omitted — except where a diflFerence exists, — in 
order to avoid, as much as possible, unnecessary repetitions. 

As soon as the roasting is ended, id est, when all the charcoal 
is burned off at a low red heat, and no more vapors of volatile 
ingredients are obs^ved, the roasting capsule should be removed 
from the charcoal, the ore triturated in a morfcar, and again 
mixed with twice its weight of charcoal powder. This mixture 
is to be spread on the pipe-clay capsule, and roasted a seeond 
time. As soon as the fire reaches the mixture, any escape of 
volatile ingre£entB will be readily ascertained by the smelL If 
this be the case, the charcoal should be allowed to bum off at 
a moderate red heat, the ore then triturated in a mortar, and 
roasted a third time with charcoal It seldom happens that it is 
necessary to make three roastings ; it cannot, however, be avoided, 
if the lead to be examined contains sulphides and arsenides, which 
are with difficulty decomposed. If no odor is observed during the 
ignition of the charcoal, in the second roasting, or only a slight 
odor of sulphurous acid, the assay may be considered to be fully 
roasted, as soon as the charcoal has been slowly consumed. 

The roasting of pure lead glances, or rather such as contain 
neither sulphide of arsenic nor blende, proceeds much quicker 
than that of ores containing such ingredients. The cohesion of 
the particles of the ore is, however, less to be feared with the 
latter than with the former. Perfectiy pure glances cannot be 
roasted per se with charcoal without sintering, and, therefore^ 
something which hinders this from taking place must be added. 
This end is best effected, when 75 milligrammes of pure lead 
glance, containing about 80 per cent, of lead, are mixed with 25 
milligrammes of pure pulverized pyrites, and this mixture then 
subjected to a second roasting with charcoal As 100 milli- 
grammes of galena, mixed in the above proportion with iron 
pyrites, would be too much, not only for the operation of roasting, 
but also for the subsequent reduction of the lead, this proportion 
may be changed according to the state of purity of the galena, so 
that the quantity of both substances togeth^ does not exceed 
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100 milligrammes. It is always yeiy oonvenient, in calculating 
the per centage, that the lead resulting from the galena shonld 
be less than 100 milligrammes. 

The characters of a perfectly roasted lead assay are as fol- 
lows : — 

1. The ignited assay, after the termination of the roasting, 
should give off no odor of sulphurous add or arsenic. 

2. It must exhibit a dull earthy appearance, without any shin- 
ing particles of undecomposed sulphide of lead. 

3. It would also be desirable that the assay be reduced to a 
loose friable state. 

It is necessary to endeavor in some measure to recognize, 
from the appearance of the ores before roasting, as well as their 
color after undergoing this operation, not only the predominating 
admixed substances of the lead ores, but also to arrive at a con- 
clusion as to the per centage of lead, as both have an important 
influence on the dressinp required for the reduction of this metal 
This is easily done, as pure galena, when roasted, has a greyish 
or yellowish-white color; the blendiferous galena, a greyish brown; 
and the pyritical, or ferruginous, a more or less red. 

The dressing of the roasted lead ores, for the reduction of their 
oxide of lead, is very simple, depending principally on the other 
metallic oxides to be vitrified, and on the esutixy constituents. 
The flux should consist of — 

Soda, 100 milligrammes, and 

Borax glass, 25 to 50 milligrammes. 

The soda and the charcoal which surround the dressing during 
the fusion, serve as reducing agents for the oxide of lead. If 
other metallic oxides are contained in the assay, such as are redu- 
cible in this way give reguli, and those which are not are con- 
verted into protoxides. 

The quantity of borax to be employed, is r^ulated by the 
quality of the ore. K the galena to be operated upon be in a 
pure state, it may be treated, after the roasting, with soda alone ; 
or, if the slag formed during the fusion of the assay is one 
which the charcoal will not absorb, the mineral may then be 
treated with about 25 milligrammes of borax. The quantity of 
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borax increases in proportion with the poverty of the ore, or with 
the richness of the extraneous ingredients, as this flnx is best 
adapted for dissolving most of the earthy constituents and irredu- 
cible metallic oxides. Thus, for example, in a mixture of galena, 
pyrites, arsenical pyrites, and blende, containing probably only 
from 3 to 5 per cent of lead, the latter cannot be perfectiy sepa- 
rated during the fusion, when too small a proportion of borax has 
been employed, as, during the reduction of the lead, the slag 
formed is not sufficientiy fluid to allow the finely divided metallic 
lead to separate and collect in laige globules ; a quantity of borax 
of at least 50 milligrammes should therefore be used. 

The weighed soda and borax glass should be triturated with 
the roasted ores in an agate mortar, the powder shaken in the 
mixing capsule, and then introduced into a soda paper comet, 
taking care to remove firom the former, with a camel hair pencil, 
the adheiing particles, in order that nothing may be lost The 
comet must be so closed, that the folded empty part, — ^which, in 
a packed dressed assay of silver or copper, is pressed up partiy 
firom both sides, — ^is in this case folded down on the full part, 
in order that it may have the form, as near as possible, of a 
hemisphere. 

The assay thus prepared is then laid on a pipe-day capsule, 
lined with charcoal, which should be already prepared, or formed 
immediately after the roasting, in order that it may dry during 
the weighing of the dressing. The assay should then be covered 
with just so much fine charcoal powder, that when a similar pipe- 
day capsule is placed over it as a cover, the whole space between 
both ciq[>sules may be filled up. 

If the charcoal, has not been very much bumed off by the 
roasting, it may still be employed for the Aision ; but if, on the 
other hand, it has been so much bumed that the necessary degree 
of heat cannot be attained, the part used should be removed, the 
capsule again placed in the charcoal holder, being arranged in the 
manner already given for the roasting of Copper Assays, and the 
platinum wire and foil attached to it 

The two capsules are then to be held in the forceps, and so 
placed on the charcoal, while the upper capsule is lightly pressed 
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with the two forefingers of one hand, that not only the rim of the 
under capnk nsta an the edges of the cavity, hut, at the same 
time, oomes horizontally on the platuram win, as is shown in c, 
Fig 27, page 27. If the capsule does not lie horizontally, the 
side which is lowest must he lifted up into the required position 
with the forceps, the upper capsule, at the same time, heing kept 
in its position hy the pressure of the finger. When the capsoles 
are airanged in their proper position, the orifice in the chaiooal 
holder must he closed, and the whole covered with a primitive 
piece of charcoal, having on its inner side a cavity o, three-eighths 
of an inch deep, formed with the hu^est of the charcoal borers, 
and a cylindrical opening /?, three-tenths of an inch wide, which 
fits on to the charcoal holder, and which is kept in its place by 
the projecting sides of the latter. 

When every thing is thus arranged, a strong oxidating flame 
should be directed through the circular opening a of the chaicoal 
holder, which is to be held at a distance of from one and ahalf to 
two iaches from the Blowpipe orifice. A stream of strongly 
heated air will by this means be forced into the empty part of 
the charcoal, which soon raises the inner sides, and also both cap- 
sules, to red heat. The temperature increases so rapidly, that a 
flame soon issues firom the orifice q, in the primitive charcoal 
cover. When a Blowpipe nozzle with too small an orifice is not 
employed, it may be considered certain that the most difficultly 
fusible lead assay will be melted by an uninterrupted blast of five 
minutes, unless the charcoal be too hard, and thus prevent the 
necessary temperature fi*om being readily obtained. 

At the end of the proper time, the blast should be interrupted, 
the piece of charcoal used as a cover lifted off^ and the platinum 
wire, with both capsules, removed &om the charcoal with the 
workable lead tongs, — ^the wire should be caught firmly at », — 
and placed on the anvil to cooL As soon as the assay has so far 
cooled that the capsules can be touched with the finger, the upper 
capsule is to be taken ofif, and the charcoal powder used as a pro- 
tection, and also as a reducing agent, removed, and the fused 
assay examined. The fiill success of the operation may be judged 
of firom the presence of the following characteristics : — 
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1. No sublimate of oxide of lead should appear near the orifice 
on the upper side of the charcoal, covering the assaj. If this be 
the CMe, the heat has been too strong, and a portion of the lead 
has been volatilized. 

2. The fused assay should be a perfect globular button, with a 
smooth surface. 

3. The button must separate, on the slightest touch, from 
the ahnost uninjured charcoal powder with which the capsule is 
lined. 

K the assay agrees with these characters, the button should be 
rolled in paper, placed on the anvil, struck lightiy with the ham- 
mer, and again examined. 

4. Although the slags of poor lead ores have a glassy fracture, 
such a fracture cannot be expected in the case of rich ores, 
because soda, with a slight addition of borax, does not yield 
vitreous slags with the small earthy or metallic constituents, 
particularly when silica is not present. 

If the reduction has properly succeeded, the lead, — ^which very 
seldom occurs as a single globule, but generally as a number of 
large and small grains, disseminated through the slag, — should 
be separated from the latter in the following way : — The assay is 
to be again rolled in paper, and broken to a powder on the anvil. 
The paper is then to be carefally unfolded, the powdered assay 
shaken into a porcelam capsule, the larger grains of lead, free 
from slag, picked out, and the remainder of the lead separated 
from the slag by levigation, in the manner described for Copper 
Assays. K the large lead grains previously selected are not per- 
fectiy free from slag, they must be broken still smaller on the 
anvil, purified with water, and dried with the other lead grains, 
in a capsule. 

In this way the whole of the lead is perfectly separated, but 
it still remains to be ascertained whether the lead, thus obtained, 
is pure fiK)m extraneous metals and other substancea This may 
be determined in the following manner : — 

1. If the roasting has been carefully conducted, the lead must 
be free from sulphur and arsenic ; if not, a bleUtein or speisa 
would be formed, which compounds would be reduced to powder 
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duiing thie trituration of the slag, and may be distinguiahed firam 
the lead after the levigation, with a magnifying glass, bat cannot 
be mechanically separated from the latter without losa When 
this occurs, the assay cannot be looked upon as successful, and 
the operation should therefore be repeated. 

2. If the ore under examination was a pure galena, the resulting 
lead can contam no other metal but silver, as galenas in general, 
particularly those occurring on the sides of veins or lodes, are 
argentiferous. 

S. If, on the other hand, it was an impure galena, with which 
copper pyrites and sulphide of antimony may occur in the aasay 
powder, or a product of smelting operations composed of such 
ingredients, a portion of copper,— owing to the easy reducibility 
of oxide of copper, — and antimony — ^which does not volatilize 
during the roasting, but remains behind as antamonious add — 
may be also present, for which the lead obtamed must be ex- 
amined. The presence of the latter metal, is, however, readily 
discovered in the resulting lead, by its being not only harder, 
but more brittle, and less malleable, than pure lead. 

As, however, galena generally contains so little, — ^in case no 
rich silver ores are mixed with the dressed ores, — at most not 
more than from half to one per cent, and as copper and anti- 
mony rarely occur, with the exception of a few minerals, in 
dressed lead ores, a further separation of these metaLs bom the 
resulting lead is only necessary, where it would be desirable to 
estimate, at the same time, the value of silver and copper. 

When it is required 4» estimate accurately the value of the 
silver, copper, and antimony, contained in such plombiferous 
ores, the resulting lead should be weighed on the balance, and 
examined for the previously mentioned metals in the following 
maimer : — 

1. For silver, it is only necessary to cupel on levigated bone 
ashes, in the manner described at pages 309, 310; the lead 
having been previously fused on charcoal, in the reducing flame, 
with borax glass. 

2. Copper is found, when the lead is fused on charcoal, and 
treated with boracic acid, as given under that metal 
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3. No accurate method of separating antimony in the diy way 
is known. Whether such an alloy contains antimony, may, how- 
ever, be readily discoyered, when treated on charcoal, in the 
reducing flame, by which the antimony is volatilized, and the 
charcoal coated with a white oxide. 

The quantitatiye determination of the antimony present, which 
seldom amounts to more than one per cent, owing to the greater 
part being driven off during the roasting of the ore, can only be 
accomplished by the moist way ; but, as this would be too tedious, 
it needs not to be further mentioned. 

After the examination of such alloys for silver or copper, the 
weight of the metals separated in the operation must be sub* 
tracted from the original weight of the compound, and the re- 
mainder considered as the true value of the lead contained in the 
assays under investigation. 



Second Method. 

The substances which can be analyzed quantitatively for lead 
by this method, are, — among minerals and ores dressed on the 
large scale, Galena, and all those lead ores which are mixed with 
sulphides and arsenides ; and among products of smelting works, 
Ueistein, particularly, and plombiferous furnace rakinga^ and 
also impure roh and bid slags. 

The necessary assay powder should first be prepared from those 
substances, of which a quantity equal to one decigramme ought 
to be weighed. The quantity thus weighed should be shaken 
into a pipe-day crucible, made as described at page 18, and well 
burned ; a piece of iron wire, about 50 milligrammes in weight, 
and of the thickness of a moderately strong knitting-needle, must 
then be laid on it In order to prevent the cupel from (Edling, it 
may be placed in the small mould. Then weigh, of — 
Soda, 160 milligrammes ; 

Borax glass, 30 milligrammes ; 
Tartaric acid, 20 milligrammes ; 
triturate these ingredients in an agate mortar, and put the mix- 

B B 
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ture into the crucible containiiig the substance. The whole 
should then be covered with 50 milligranunes of diy chloride of 
sodiiun. 

The iron serves to sepaiate the sulphur and arsenic ; the soda 
and borax glass, for the production of the necessary slags, and 
solution of the other sidphides which may happen to be mixed 
with the sulphide of lead, and also of the earthy constituents ; the 
tartaric acid, for preventing the intumescence of the dressing in 
the crucible, as also, by its carbon, to keep the slags, — ^which, 
after the decomposition of sulphide of lead, generally contain 
sulphide of sodium, — ^firom acting as a solvent on the metallic 
lead ; and, lastly, the chloride of sodium, for a cover, in order 
that the lead globules, separately set free, may the more readily 
combine, for which purpose it is admirably suited, owing to its 
great fluidify in the state of fusion, and its property of not com- 
bining with slags. 

The ingredients employed for the dressinff^ can also be mixed 
with the substance to be examined ; but it has, however, been 
found that a larger number of globules of lead come to the sur- 
face of the slag in this case, and that it requires a longer time to 
combine them to one globule, than when the substance is placed 
with the iron jD^ se in the bottom of the crucible. . 

The crucible, with its dressing, is then placed on a piece of 
charcoal, held on the charcoal holder, arranged in the same 
manner as for the roasting of a copper or lead ore, the platinum 
foil, however, not bemg used in this case, so that it rests quite 
free on the wire in the cavity ; id est, does not touch the charcoal, 
the rim of the crucible being on a level with the surface of the 
latter. The orifice of the charcoal holder is then closed, and the 
crucible covered with a piece of charcoal, arranged exactly in the 
same manner as in the fusion of a lead assay between two pipe- 
day capsules. 

When every thing has been thus arranged, a strong oxidating 
flame is deflected on the round orifice in the charcoal holder, at a 
distance of about two inches from the lamp, so that an intensely 
heated air passes into the hollow in the charcoal, by which the 
inner side and the crucible are raised to ignition, and the dressing 
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fuseA If the charcoal is not too hard, the heat diffiises itself 
rapidly, and the assay is perfectly reduced in a blast of four, or at 
most five minutes' duration. As soon as the blast is discontinued, 
the upper charcoal or cover should be lifted, and the charcoal 
holder tapped with the broad side of the forceps, in order that 
the small globules of lead, that may happen to be disseminated 
through the slag, — ^which, however, rarely occurs, — ^may sink to 
the bottom, and combine with the main globule. The crucible is 
then to be removed from the charcoal, and placed for a few seconds 
in the small cupel mould to cooL As soon as it is cold, it must 
be broken with the hammer, on the anvil, and the lead and 
accompanying iron separated from the slag. The lead button is 
then caught with the forceps, placed on the anvil, so that the 
adhering iron may be upwards, and the latter, — ^which is some- 
times, when the ore under examination is very pyritical, covered 
with sulphate of iron, — separated from the lead, by a few slight 
percussions. The lead button, freed from iron, may be purified 
from any adhering alkaline slag, by flattening on the anvil, 
between moistened filtering paper ; and then weighed. 

If it be suspected that the substance under examination con- 
tains silver or copper, the former may be separated by cupellation 
on bone ashes, and the latter by treatment with boracic acid ; 
and the weight of the metals thus separated subtracted from the 
original weight of the assay. 

The value of the silver thus obtained, when the substance is a 
pure galena, is equal to the value deduced from a special assay 
for silver, but it is too small when the substance is an argentife- 
rous pyrites, or contains any other argentiferous sulphide. The 
value of copper is generally too small ; the cause of this is easily 
understood, and therefore requires no farther explanation. 

If the substance under examination, — as, for example, iron 
pyrites, arsenical pyrites, blende, or roh and hlei slags, with 
finely disseminated particles of rohstein, et cetera, — contain 
only from one to ten per cent, of lead, it is always diflScult to 
separate the lead from the iron, so that its weight can be ascer- 
tained with accuracy. In such cases, a fine, accurately weighed 
silver button, of about 50 to 80 milligrammes, should be added 

bb2 
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to the dressing ; and instead of 20 milligranunes of tartaric acid. 
50 milligiammes should be added to the slag, which may proba- 
bly still contain oxide of lead The reduced lead combines with 
the silver, and may be separated from the iron, and its value 
ascertained by again weighing the silver batton, and subtracting 
the weight of the original silver button, — ^the remainder being the 
value of the lead. 

When such substances are rich both in silver and copper, the 
assay succeeds by the first method. 

If an ore prepared on the great scale, consisting principally of 
galena, should contain a plombiferous ore, in which the lead is 
contained in an oxidized state, 100 milligrammes of tartaric acid 
should be added instead of 20, in order that a sufficient quantity 
of carbon may be present to reduce the oxide of lead. 



b. Estimation of the Lead in Minerais, Ores, and Artificial 

Productts, oontainino this Metal in the state of 

Oxide, oombined with Mineral AciDa 

To this division belong the ffreen, brown, yellow, and red varie- 
ties of earthy carbonate of lead, sulphate of lead, and artificial 
chromate of lead, or the commercial chrome-yeUow. 

All these compounds are characterized by being either not at 
all, or only partly decomposed by roasting, as the stability of 
many of the acids is too great, and their affinity for the oxide of 
lead too strong. 

If lead salts, free fiK)m other salts, particularly metallic sul- 
phates, and also earthy ingredients, are to be assayed for lead, 
they may be considered as nearly pure roasted galena. An 
assay powder being first prepared, a decigramme is to be dressed 
with — 

Soda, 100 milligrammes ; 

Borax Glass, 25 milligrammes ; 

and subjected to treatment similar to what has been already 
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given for Lead Assays which require to be roasted previous to 
reduction. 

If, on the other hand, the acidiferous lead ores contain other 
metallic salts, particularly sulphates, or if combinations of metal- 
lic sulphides and arsenides be mixed with them, a perfect roasting 
with charcoal is necessary. 

A decigranmie of the substance, so roasted, should be dressed 
with — 

Soda^ 100 milligrammes ; 

Borax Olass, 40 to 50 milligrammes. 

The further treatment of such an assay remains, however, the 
same. 

If acidiferous lead ores are nuxed with other metallic salts, the 
bases of which are reduced with the lead, the latter must be ex- 
amined for silver, copper, and antimony, in the manner above 
described. 

In the reduction of oxide of lead from lead salts, the soda, with 
the surrounding charcoal, serves as a reducing agent for the oxide 
of lead and the acids. Thus, for example, arsenic acid is reduced 
to metallic arsenic, which volatilizes ; sulphuric acid, to sulphur, 
. which combines with the sodium of a portion of the soda, forming 
sulphide of sodium ; chromic add, to oxide of chromium, which 
permeates the slag. Borax, however, serves only, as with pure 
galena, to prevent the absorption of the soda by the charcoal 
support ; as it fiises with soda, and probably with reduced por- 
tions of the ores, to a bead, while the metallic lead, in various 
sized globules, collects on its surface. 

In the reduction of the oxide of lead, contained in a roasted 
assay composed of lead salts, contaminated with other substances, 
the soda plays the same part as in the preceding case, in addition 
to its solvent action, which it probably exerts on traces of silica ; 
but an excess of borax, however, principally serves as a solvent 
for the non-reducible metallic oxides. 
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c. Method of E6Tiiiatino the Value of Lead, in Pboducis of 

Smeltiko WOBK8, 

And other Artificial Subitances contmning Lead in a pure aaadized staie^ 
or only combined with Vegetable Aeids. 

To this class belong litharge^ abgtriek^ cupel grounds, pure roh 
and blei slags, ail kinds of plombiferous glass, white lead, sugar of 
lead, et cetera. 

The bodies of this class do not require to be roasted ; bat in 
dressing them for the reduction gf their oxide of lead, it should 
be ascertained whether the body under examination is a simple 
oxide of lead, or a combination of oxide with other substancesi 

As the preceding substances may be at once subjected to the 
reduction process, they should be dressed, — ^ihe pure oxide of 
lead, or such oxides of lead as are merely combined with organic 
acids, with 

Soda, 100 milligrammes ; 

Borax Olass, 25 milligrammes ; 
and those in which difficultly fusible ingredients predominate, as 
for example, cupel grounds, roh and blei slags, with a quantity 
of borax amounting to about 50 per cent 

K such products contain, besides lead, other easily reducible 
metals, the resulting lead button, after being weighed, must be 
examined for such metals in the manner already given. 



d. Method of EsnuATiNa the value of Lead, in MiNERAifi 

CONTAININa THIS MeTAL ALLOYED WITH OTHEB& 

Black Tellurium Yellow Tellurium, Selenide of Lead, Selenide 
of Lead and Copper, and Selenide of Lead and Mercury, come 
under this class. '. 

Of these minerals, the German author had only an oppor- 
tunity of exajmining selenide of lead quantitatively for its meta] 
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before the Blo^^ipe, and the method by which its value in this 
mineral was found, can only be given. 

The assay succeeds most readily, and most accurately, when 
100 miUigranmies of the finely powdered mineral are introduced 
into a pipe clay crucible, with a small piece of iron of 30 to 50 
milligrammes in weight, covered with a mixture of 150 milli- 
grammes of soda, 30 milligrammes of borax glass, and 20 milli- 
grammes of tartaric acid ; on which mixture, about 50 milli- 
grammes of dried chloride of sodium should be shaken, and the 
fusion then proceeded with in the manner described at pages 370, 
371. If the selenide of lead contains an admixture of sulphide 
of lead, it will be decomposed ; the selenium, however, combines 
with the radical of the soda, forming selenide of sodium, from 
which a small portion of the selenium volatilizes, and the lead, 
combined in one globule, deposits on the iron, at the bottom of 
the crucible. When the fusion is finished, and the fused assay 
has cooled, the crucible is broken, and the reduced lead fireed 
from the iron and slag. The malleability of the lead button 
should be tested, and its weight ascertained. 

When required, the value of the silver present may be ascer- 
tained by cupelling the button on bone ashes, and weighing the 
resulting silver button, when sufficiently large ; if too small for 
the balance, it should be measured on the scale. 



v.— DETERMINATION OP TIN. 

The usual method of determining tin by the dry way, which 
has been for so long a time employed, and is so still in most assay 
laboratories, is far from being accurate. There are a great many 
different methods of determining quantitatively the value of tin 
in an ore, by the dry way ; but if it be a ferruginous tin ore, by 
one method pure tin will be obtained, but generally in too small 
a quantity, while by another, it appears in excess, but never pure. 
It must be here observed, that in practice, where it is certain that 
too much, and therefore impure tin, is obtained, the value is 
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taken at a few per cents, lees than that obtained by experiment. 
The cause of this is, probably, that with a sufficient quantity of 
carbon, the reduced tin acts during the fusion as areducing agent 
on the sesquioxide of iron, by which a portion of the latter is not 
only reduced to protoxide, but even to the metallic state, which 
latter combines with the reduced tin, affording a hard tin button, 
which, when weighed, gives too high a result 

The German author, after convincing himself, by a number of 
tin assays made according to different methods, of the abo^e 
source of error, concluded, that these discrepancies could not be 
avoided in ail the control assays made according to the usual 
methods, and for this reason he introduced a new one. 

For this purpose, various quantities of pure peroxide of tin 
were mixed with a number of pulverized minerals, — as Iron 
Pyrites, Sulphide of Arsenic, Blende, et cetera, which generaQj 
occur along with tin ores ; — and the value of tin which each 
should afford; calculated ; they were then submitted to the action 
of the Blowpipe, with the view to determine this value by a 
number of experiments. The assays made with these mixtures 
fully convinced him that the same difficulties are to be encoun- 
tered with the Blowpipe, as with the usual tin assays by the dry 
way, made on a large scale. From one to two, and once even 
four per cent, too much, — ^that is, of ferriferous tin, were obtained. 
A number of other experiments, in which all possible means to 
slag perfectly as protoxide in the dry way by fusion the peroxide, 
which would be formed during the roasting, were employed but in 
vain ; in no case was the resulting tin free from iron. At length, 
after trying every other way, the iron was separated in an oxi- 
dized state from the oxide of tin by a simple yet accurate means 
in the moist way, namely, by hydrochloric acid, and the oxide of 
tin left behind with the earthy ingredients was then submitted to 
reduction. 

By the employment of this method, a pure malleable tin was 
always obtained, whose weight agreed well with that found by 
calculation. Mixtures of the pure tinstones with other ores, con- 
taining either copper or iron, yield exactly the same result. 

It may be objected to the employment of hydrochloric acid for 
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the separation of oxide of tin from oxide of iron, that it does not 
belong to Blowpipe analysis ; but if the difficulties which are to 
be encountered in the dry way with the Blowpipe, in order to 
purify peroxide of tin from the oxides of iron and copper, be com- 
pared with the easy and accurate method by the moist way, there 
is no doubt the latter will be chosen, as the best which can be 
employed in the quantitative examination of ferruginous and 
cupriferous minerals and dressed ores for tin. 

In respect to the quantitative examination for tin ; — ^minerals, 
ores, and artificial products, in which this metal forms an essential 
ingredient, may be classed as follows : — 

a. Such as contain the tin combined with sulphur ; 

b. Those containing the tin in an oxidized state ; and, 

0. Those in which metallic tin is alloyed with other metals. 



a. Detbbmination op Tin in Minebals, Orbs, and Abti- 
FidAL Products, in which the Tin is combined 
with Sulphur. 

Besides Tin Pyrites, Tin Schlichs, dressed on the large scale, 
may be placed in this division ; although they contain tin in the 
state of oxide, they very often, notwithstanding the roasting, 
exhibit traces of metallic sulphides and arsenical compounds. 

Of the artificial products which belong to this class, Mosaic 
Gold — sulphur combined with excess of tin, will only be men- 
tioned. 

To determine the tin in any of the substances belonging to this 
class, an assay powder should be prepared according to the method 
given at page 298, — 100 milligrammes of which are to be 
weighed and roasted, in order to free it from volatile ingredients. 
But as the roasting of tin assays is exactly similar to those of 
copper with charcoal dust, any ftirther notice of it here is 
unnecessary. 

If the volatile bodies contained in a substance to be roasted be 
confined to sulphur, or to sulphur with a trace of arsenic, or only 
a few per cents, of arsenic, which last is sometimes the case with 



378 DETERMINATION OF TIN IN KISKBLJd£ 

tin schlichfl, prepared on the great scale, the roasting is yery soon 
finished ; but if a large quantity of arsenic is present, the roasting 
with charcoal is longer, and must be continued until not the 
slightest odor of arsenic can be observed, when a fresh portion of 
charcoal is added, and the mass kept in a state of ignition fear 
some time. Tin schlichs, dressed on the great scale, if alreadj 
roasted, require to be again roasted only once ; the other sab- 
stances, on the other hand, in which the tin is combined with 
sulphur, or mixed with metallic sulphides or arsenical oompoimds, 
require to be roasted with charcoal two or three times. 

By this process of roasting, when carefully performed, sulphur, 
arsenic, the greater part of the antimony, and a small portion of 
the zinc, will be volatilized from a stanniferous substance, mixed 
with, probably. Iron Pyrites, Arsennikkies, Copper Pyrites, ^leisB- 
glanz, Blende, Wolfram, et cetera ; while the other metals, tin — 
when it is not present in an oxidized state— copper, iron, manga^ 
nese, and the remainder of the zinc, will be oxidized Thoee 
metals, exclusive of arsenic, which are capable of acidification, and 
which are difficultly or not at all volatilized during the roasting, 
— ^as, for example, a small portion of the antimony, molybdenum, 
tungsten, titanium, et cetera, — remain behind as acids. 

The characters which distinguish a well roasted tin ore, are 
exacUy similar to those of a well roasted lead one. Thus, the 
roasted ore should yield no odor in contact with charcoal iu 
a state of ignition ; and no shining particles of metallic sulphides 
or arsenical compounds should appear, when the substance, after 
the charcoal is perfectly burned away, is rubbed in a mortar ; it 
should also be perfectiy finable on the roasting capsule. 

K a well roasted tin ore, consisting, for eicample, of the oxides 
of tin, iron, manganese, and copper, be immediately subjected to 
reduction, a brittie, grey, and too heavy tin button is obtamed, 
even with the best fluxes and reducing agents, owing to the oxide 
of copper being at the same time reduced, affording a brittle 
metallic compound ; and, secondly, as above mentioned, to a 
portion of the oxide of iron being reduced to the metaUic state^ 
and which likewise combines with the tin. 

As the disadvantages just mentioned cannot, however, be 
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guarded against in the diy way, it is better to remove the oxides 
of iron, manganese, and copper, from the roasted tin ore, with 
hydrochloric add. This end may be attamed in the following 
manner : — 

The well roasted ore is to be introduced into a small porcelain 
crucible — see Fig. 41 — spread out thinly on its bottom, and 
hydrochloric add poured on it, the quantity depending on the 
substances to be dissolved ; the vessel is then placed on the 
triangle, at about two inches and a half over the flame of the 
spirit-lamp, the wicks of which should be pressed so far into the 
wick-holder, that only a very small flame is afibrded, just suffi- 
cient to warm the crudble strongly ; in order to prevent the 
fumes from escaping into the room, it should be covered. 

The acid should then be observed, whether it is colored from 
dissolved metallic oxides, and whether small bubbles rise here and 
there from the substance, which show that it has commenced to 
boil The digestion should be conducted in this manner, unin- 
terruptedly, for four or five minutes, taking care that the acid 
does not boil too strongly, as in that case particles of matter may 
be lost The vapors which arise during the solution are generally 
condensed on the cover and fall back again into the solution. 

Afber the expiration of at most five minutes, in which time all 
the oxides of iron, manganese, copper, and sdnc, and also the anti- 
monious acid, will be dissolved out, the triangle and crudble 
should be removed from the lamp, and the whole allowed to 
cool. 

The cover should then be taken oS, and the adhering drops of 
add removed from it with bibulous paper. The clear yeUow or 
green supernatant solution, resting on the undissolved powder, 
which consists of only oxide of tin, or tinstone, — sometimes, 
however, contaminated with earthy matter, or with tungstic and 
titanic acids, — ^is then to be drawn off with a pipette, and replaced 
with from three to four times as much water. The water should 
always be poured down the side of the vessel, so that the substance 
on the bottom be not disturbed, and the light particles suspended 
in the fluid, as otherwise the deposition of these particles again 
would require some time. 
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In order to remove the whole of the colored solution, the vessel 
should be again heated over the lamp, and nearly the whole of 
the water drawn off with the pipette, by slightly indining the 
crucible to one sida 

If very minute particles of the powder, which are generally 
earthy ones, should float about on the surface of the water, and 
which sink with difficulty to the bottom, the fine orifice of the 
pipette, in removing the water, should be kept about a quarter of 
an inch under the sur&ce, in order that nothing may be lost 

The rest of the water is separated fix>m the substance by 
placing the capsule on the triangle over the spirit-lamp, until the 
powder is perfectly dry. 

The whole operation, — ^by which, with necessaiy caution, no 
loss of tin need be apprehended, — does not, including the time 
employed in solution, require at most more than a quarter of ao 
hour. 

That the protoxides of iron and manganese, chemically com- 
bined with the tinstone, which scarcely amount together to firom 
two to three per cent, even in an exceedingly dark colored 
tinstone, cannot be removed in this way, is easily seen ; but afi 
this protoxide of manganese, and the greater part of the protoxide 
of iron, are dissolved by the slag in the reduction, only an unap- 
predable trace of iron in the metallic state combines with the 
reduced tin. 

The next operation is the reduction of the oxide of tin, result- 
ing firom the roasting, or in an unchanged state of tinstone, fireed 
firom admixed metallic oxides by hydrochloric acid. This is 
effected by the aid of the proper fluxes and reducing agents, in a 
space surrounded by charcoal, just in a similar manner to the 
reduction of oxide of lead, in roasted lead ores. The dressing for 
this purpose is very simple, consisting of — 

Soda, 100 milligrammes ; 

Borax Glass, 30 milligrammes. 

This dressing is to be mixed with the ore in an agate mortar ; 
the mixture is then to be introduced into a soda paper comet, 
like roasted lead ores, dressed with soda and borax — see page 
365 — ^and fiised between two pipe-clay capsules. Tin assays. 
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however, require to be fused for eight minutes. When the assay 
has cooled, a bead is found in the bottom of the capsule, consist- 
ing of slag, in which the reduced tin is enclosed, sometimes as 
one, but oftener disseminated through the mass in various sized 
globules. These globules, like those of lead and copper, are freed 
from slag by levigation with water, and then dried. 

The purity of the resulting tin may be judged of from its actioTi 
on the magnet, its color, and its malleability. 

K the roasting, and the separation of the oxides of iron and 
copper, and the antimonious acid be carefiilly conducted, a pure 
tin of the proper weight may always be obtained by employing 
the necessary degree of heat in the reduction. If the ore has not 
been properly treated with .hydrochloric acid, a brittle tin is 
obtained after the reduction, when copper and antimony are 
present; and when a little iron is present, the tin obtained, 
although malleable, acts on the magnet when in a finely divided 
state under water, the weight of which is naturally too higk If 
the ore under examination contains tungstic or titanic acids, they 
cannot be separated by means of hydrochloric acid, as already 
mentioned ; but as they combine with soda in the reduction of 
the peroxide of tin, they produce no injurious effect on the result. 

If the metal obtained has the properties of pure tin, it can be 
weighed ; if not, a fr^h assay must be more carefully performed. 

Tinstone occurs in interkiced masses, flat or dilated veins and 
gangues, or vein stones, with Granite, Gneiss, Micaceous Schist, 
litharge. Talk Clay, Calcareous Spar, and many other minerab 
and rocks, as also with Iron and Arsenical Pyrites, Speiss Glanz, 
Blende, Wolfram, Molybdic Ochre, Iron Ochre, Magnetic Iron 
Ore, but, in a very large number of these minerals, only in so 
finely disseminated a state that the presence of tin in them can 
scarcely be suspected, and cannot be ascertained with accuracy, 
even by a trial with the Blowpipe, owing to the minute quantity 
present ; but by carefol levigation and decantation of such an 
ore, reduced to a fine powder, and weighed, the earthy particles 
may be removed, and a schlich obtained in which the tin ore is 
concentrated, and from which, when perfectly dried and weighed, 
at least two quantitative tin assays should be made according to 
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the maimer described ; the resultiiig tin is then weighed, tested 
as to its purity, and the value for the undressed ore calculated. 

Thus, for example, if 5000 milligrammes of such a fine pul- 
verized ore yield by levigation with water, and subsequent decan- 
tation, a quantity weighing 700 milligrammes when dried, fironi 
which, when thoroughly mixed and triturated in an agate mortakr, 
two tin assays are prepared ; now, if both these assays give I'o 
per cent, of tin, there would be contained in the 700 milligrammes 
of schlich — 

100 : 700 : : 1-6 : a? ; 

or, 1 : 7 : : 1 *5 : a? = 7 X 1*5 = 10-5 milligrammeB 
of tin. If the levigation has been carefully performed, these 
10*5 miUigrammes represent very nearly the whole value of the 
tin contained in the above 5000 milligrammes of raw ore, which 
gives the quantity in 100 at — 

5000 : 100 : : 105 : a? ; 

or, 50 : 1 : : 105 : a = ^^ = OH per cent of Ian. 



b. Determination op Tin in Minerals and Products 

OONTAININO THIS MeTAL IN AN OXIDmSD STATK 

To this class belong, of minerals, pure Tinstone ; and of 
artificial products, tin ashesy — ^the dross left on the floor of the 
reverberatory furnace in the refining of tin— enamel, et cetera. 

Such substances do not require roasting, nor, if oxides of iron, 
copper, or antimony be. not accidentally present, the treatment 
with hydrochloric acid, previous to the reduction of the oxide of 
tin. It is merely necessary to weigh 100 milligrammes of the 
perfectly dried and finely pulverized tinstone, or of such artificial 
products as are not combined with silicic acid ; to dress them 
with — 

Soda, 1 00 milligrammes ; 

Borax Glass 30 milligrammes ; 
and subject them to reduction in the same manner as the sub- 
stances belonging to the preceding class. 

To determine the value of tin in enamel, where the oxide is in 
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combination with silicic acid, 100 miUigiammes of the substance 
should be dressed with-^ 

Soda, 150 miUigrammes ; 

Borax Glass 30 milligrammes ; 
by which the silicic acid combines with soda, and the oxide of tin 
is reduced. But as oxide of lead is often present in enamel, and 
is also very easily reduced, the resulting tin will not be pure, 
owing to its combining with a portion of lead. Such a compound 
cannot be separated into its elements in the dry way, but with 
nitric acid the lead can be dissolved out, leaving the tin as oxide 
undissolved. It is then only necessary to edulcorate this oxide, 
dry it, ignite it strongly in a platinum spoon, and calculate the 
value of metal from the weight of the ignited oxide, — lOO parts 
of oxide of tin containing 78*62 parts of metallic tin. 



c. Dbtbemination of Tin in Stannifebous Allots. 

To this class belong bell and gun metal, and all combinations 
of tin with lead, bismuth, zinc,^d antimony. But as the quan- 
titative determination of tin in the latter compounds in the dry 
way, with the Blowpipe, is very uncertain, while in the moist way, 
on the other hand, it may be easily and accurately determined, 
the application of the Blowpipe is therefore confined to bell and 
gun metal, which are compounds of tin with copper. 

The method of separating tin from copper has been already 
fully described, in speaking of the Copper Assay at page 360. In 
tiiis method, the copper is the principal object of investigation, no 
reference being made to the tin. But if it is required to find the 
value of tin at the same time, the glass which contains the whole 
of the tin as oxide should not be lost, because the metal may be 
again reduced from it. 

When desirable to determine the tin before the Blowpipe, in a 
combination of tin and copper, the tin must be oxidized by the 
method previously described, and in this state separated, together 
with the flux, consisting of soda, borax, and silica. This glass 
should then be pulverized, mixed with about 50 milligrammes of 
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soda, this mixtare introdnoed into a soda paper comet, and fused, 
suirounded ivith charcoal, between two pipe-day capsules, like an 
ordinary tin assay. But the tin is found, after the fusion, conta- 
minated with a trace of copper, owing to an exceedingly small 
quantity of the latter combining with the glass in this operation. 
The resulting tin is now to be weighed, and the centesimal 
value found by calculation, as only 50 milligrammes of such 
metallic compounds are generally employed in an assay. 
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C C 



SYSTEMATIC ARRANGEMENT 



Of TBI 



OXIDIZED MINBRALS, 



ACCOBDINQ TO THEIB BEHAYIOB BEFOBB THE BLOWPIPE. 



When the nature of ft mineral is to be ascertained by its 
behavior before the Blowpipe, the external characters not being 
sufficiently distinct for that purpose, it is important, especially 
for young mineralogists, that some arrangement should be con- 
trived, by which the number of species, with which the mineral 
under examination is to be compared, should be diminished, so 
as to be as small as possible. Such a systematic arrangement, 
which, although deficient in many respects, vrill not be vdthout 
use, is now given. Three properties of minerals ; namely, fusi- 
bility, intumescence, and behavior with soda, have been espe- 
cially considered. The principal divisions depend on the former 
two properties, the subdivisions on the latter. 
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GiTowithiodaabead. 


Qiye with a imall qium- 
tityofsodaabead, but 


Gire a slag only with 




fbnn a slag with more. 


soda. 


Quartz 


Phenakite 


Oxides of iron 


Agalmatolite 




Oxides of manganese 


Hisingerite 


Oliyine 


Oxide of tin— isreduced 


Siderosohiaolite 


Gerite 


Hydrate of alumina 


Dioptase 


Eyanite 


Hydrate of magnesia 


Fireclay 


Talc 


Spinel 


Leudte 


Gadolinite 


Gahnit^ 


Pyrophyllite 




Worthite 


Wolkonakoite 




Precious galmei 


Butile 




Rtchblende 

Zircon 

Thorite 

Andalusite 

Staurotide 

Gehlenite 

Ohloritespar 

Allophane 

Oymophane 

Polymignite 

Aesohynite 

Oerstedine 

Titanate of iron 

Yttro-tantalite 

Tantalite 

Ohrome ochre 

Uwarowite 

Ohromiciron 

Oarbonates of earths 

and metals 
Basic phosphate of 

yttria 
Basic phosphate of 

alumina 
Basic phosphate of lime 
Sulphate of iron 
Sulphate of alumina 
Aluminite 
Alum stone 
Fluoride of cerium 
Tttro-cerite 
Topaz 

002 
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2. MineraU whiek can hefiued to heads. 



Foie with loda to a bead. 


GKre with a amall quan- 
tity of Boda a bead, 


Give a Blag only with 
Boda. 




with more a Blag. 


Zeolites 


Okenite 


Brevicite 


Spodumene 


Pectolite 


Amphodelite 


Labradorite 




Chlorite 


Scapolite 


ganese 


Fahlunite 


Sodalite, from Green- 


Black silicate of man- 


Pyrope 


land 


ganese 


Soapstone 


Elaolite 


Idocrase 


Red dichroite 


Mica, from primitiye 


Manganesian garnet 


Pyrargillite 


Limestone 


Orthite 


Potassa tourmaline. 


Black talc 


Pyrorthite 


black 


Achmite 


Amblygonite 


Wolfram 


Crocidolite 


Sordawalite 


Pharmacolite 


lievrite 


Sodalite 


Scorodite 


Cronstedtite 


Fluor Spar 


Cube ore 


Garnet 




Tetraphyline 


Gerine 




Hetepozite 


Helvine 


Gire with soda a regoline 


Uranite 


Gadolinite, from Kar- 


metal. 


Phosphate of iron 


arfVet 




Sulphate of strontia 


Boracic acid 


Tungstateoflead 


Sulphate of magnesia 


Tincal 


Molybdateoflead 


Polyhallite 


Boracite 


Vanadate of lead 


Hauyne 


Hydroboracite 


Chromate of lead 




Batholite 


Vauquelinite 




Botryolite 


Cobalt bloom 




Axinite 


Nickel bloom 




Lapis lazuli 


Phosphate of copper 




Eudialyte 


Sulphate of lead 




Pyrosmalite 


Chloride of lead 




Cryolite 


Chloride of silver 
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8. Mineralt which eon bejuied only an their edges. 



Giye with soda i 
bead. 


lUqoid 


Oiye with a imaU 
tity of soda a 
bead, but with 
Blag. 


quan- 
Uquid 
more a 


GKto a slag only with 


Soapstone 




Table spar 




Stilpnosiderite 


Felspar 




Diallage 




Fluinboresimte 


Albite 




Hyperstkene 




Serpentine 


Petalite 




Epidotd 




Silioate of manganese, 


Nepheline 




Zoisite 




from Redmont 


Anorthite 








Mica, from granite 


Emerald 








Pimelite 


Euclase 








Finite 


Galalte 








Blue diohroite 


Sodalite, from Vesu- 






Garpholite 


vius 








Sphene 

Pjrochlore 

Wolfriun 

Soda tourmaline, 

green 
Lazulite 
Heavy spar 
Gypsum 



4. MkmaU ^Utk AiMhmmk. 



^oMioaband. 


Baeone ilnggy on the 


Inioiible. 


ZeoUtes 


Epidote 


Gadolinite, aotne tbt 


Onkodne 


Zoiaite 


rieties 


Boracite 


Green tonnnaline 


Lithia tourmaline 


Hydivbonicits 


Lazulite 


Aesohynite 


Datholito 


Flmnbo rednite 


lyopliyOite 


BotryoUte 


Granite mica 


Alum 


Axinite 


Hornblende 


Sulphate of aluniimi 


Black silicate of man- 


Euclaee 




gauede 


Sphene 




lithia spodumdne 






Scapolite 






Eleolite 






Idocrase 






Gerine 






Orthite 







BEHAVIOR OP URINARY CALCULI BEFORE 
THE BLOWPIPE. 



It is highly important to medical men to he ahle to determine 
the nature of the urinary calculi of patients who apply to them 
for relief in such cases. Their composition is more readily 
ascertained than is generally supposed, since the Blowpipe gives 
veiy simple and sufficiently accurate results, and the use of this 
instrument does not require a greater degree of chemical know- 
ledge than eveiy physician ought to possess. 



1. Ubto Acid Calculi. 

Per 86 on charcoal or on platinum foil they become carbon- 
ized, fiune, and emit an organic smell ; in the exterior flame they 
gradually diminish in size, and towards the end of the operation 
they bum with increased light. "VMien the blast is discontinued, 
they still continue to glow, and at last leave a veiy slight trace 
of a white ash, which is strongly alkaline. 

Since other combustible substances may easily be mistaken 
for uric acid, the operation must be performed in the moist way, 
as follows : — a small quantity of the calculus^ say one-tenth of a 
grain, must be placed on a small strip of glass or platinum foil, 
moistened with a few drops of nitric acid, and heated over the 
flame of the spirit-lamp. The uric acid dissolves with efierves- 
oence, and the mass must th^i be carefully dried so as not to 
become burnt, and then heated for an instant, when the mass ac- 
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quires a fine red color. If the quantity of uric acid in the Bssa.\ 
is trifling, the latter often becomes black, without acquiring a 
tinge of red. The experiment must then be repeated, and wh^i 
the solution in nitric acid is diy, it must be laid aside, and 
allowed to cool perfectly ; the glass must next be inverted over a 
little caustic ammonia, which is then to be heated ; as soon as the 
vapor of the ammonia reaches the dried substance, it becomes 
beautifully red. The same thing may be observed, though the 
color is less striking, if the dried substance be softened with 
diluted ammonia. 

It oft;en happens that calculi contain a mixture of uric acid 
with earthy phosphates. They then carbonize and consume, 
leaving a considerable residuum, which is not alkaline or soluble 
in water. Treated with nitric acid, and afterwards with ammo- 
nia, they give the fine red color characteristic of uric acid. The 
remaining ash is either phosphate of lime or phosphate of mag- 
nesia, or a mixture of the two. 



2. Urate of Soda Calculi. 

This substance, which rarely occurs in urinary calculi, is 
often contained in the hard excrescences which form around the 
joints of gouty patients. 

Alone on charcoal they blacken, emit a burnt organic odor, 
and leave a grey, strongly alkaline substance, which can be fused 
to a glass with silica. If the calculus contains earthy salts, as 
is usually the case, the glass becomes white, or greyish, and 
opaque. 



3. Urate of Ammonia Calcuu. 

They behave before the Blowpipe like the uric acid calculi. 
Treated with a drop of caustic potassa, they give, when slightly 
warmed, a strong smell of ammonia, Care must be taken not to 
confound this with the light ammoniacal odor which almost all 
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organic substances develop when treated with an alkali. These 
calculi often contain a quantity of urate of soda. 



4. Phosphate of Limb Calculi. 

Alone on charcoal they blacken, emit the odor of burning 
organic matter, and finally bum white. They do not fuse. Their 
behavior resembles in general that of phosphate of lime. 

They are proved not to consist of silica, by swelling up with 
soda and not fusing to a glass, as well as by giving a regulus of 
phosphide of iron, when dissolved in boracic acid and fused with 
iron. 



5. Ammoniacal Phosphate of Magnesia Calculi. 

Heated alone on platinum foil they smell strongly of salts of 
ammonia, blacken, intumesce, and if the heat be increased, bum 
greyish-white. They fuse readily to an enamel-like bead of the 
same color. 

They give a transparent glass with borax and microcosmic 
salt, which, with a large quantity of the assay, becomes opaline 
on cooling. 

With soda they fuse to a white, swollen slag, which becomes 
infusible on the addition of more of the flux. 

With boracic acid and iron they give readily a regulus of 
phosphide of iron. 

With nitrate of cobalt they give a dark red glass. 

6. Calculi composed of the Phosphates of Lime and 
Magnesia. — CaleuU fusibiUs, 

These are recognized by the slight ammoniacal odor they emit, 
arising principally from the destraction of organic matter in the 
calculus. They fuse far more readily than any others to an 
enamel-white bead, which does not become red with the oxide of 
cobalt, but brownish-black. 
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7. GaLGUU composed of OxAUiTE OF LIVB. 

CaUyuU moriformes. 

Alone they smell of urine when first heated. The more 
strongly crystalline varieties become duller and lighter colored. 
After being slightly heated, the residuum effervesces with a few 
drops of nitric acid, and after being strongly heated on charcoal 
caustic lime remains ; this has an alkaline reaction on reddened 
litmus paper, and generally crumbles to powder when moistened. 
This is not the case, however, if the calculus contains at the 
same time phosphate of lime. 

8. Galguli coktainino Silica. 

They leave after ignition i^ greyish, infusible, and sometimes 
slaggy ash, which, when mixed with soda, slowly dissolves to a 
more or less transparent glass. 

9. CvsTic Oxide Calculi. 

These behave, before the Blowpipe, very much like calculi 
composed of uric acid ; they do not fuse, but take fire readily, 
and bum with a bluish-green flame, emitting a strongly acid 
smell of a peculiar character, somewhat resembling that of 
hydrocyanic acid. They leave an ash which is not alkaline, 
and which fuses in a strong heat to a greyish-white mass. 

They are distinguished from uric acid calculi by the smell 
which they emit when burning, and by not giving a red color 
with nitric acid. 
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TABLE OF ATOBHC WEIGHTS. 



Naxb. 




Stxbol. 


Atomic 

WlIGHT. 




Oxygen, 8. 


Al^llWiT^llTW . . . • 


Al 


14 


Ammonium. 




NH* 


18 


Ammonift 




NH*0 


26 


AstimoiiT 

tttroxide of 




8b 
Sb 0» 


120 
158 


tereulphide of . 
Arsenio 




Sb S« 
As 


177 
75 


tersolphide of . 
pentasolphide of 




As 8* 
As 8* 
As 0* 


123 
155 
115 


Aisenious acid 




As 0» 


09 


Barium 




Ba 


68-5 


chloride of 




Ba CI 


104 


Baryta 

carbonate of . 




Ba 
Ba 0, C p* 


765 

08-5 


sulphate of 
BiBmoth 




Ba 0, 8 0» 
Bi 


116-5 
218 


teroxide olf 




Bi 03 


287 


Borium 




B 


11 


Bromine 




Br 


80 


Cadmium 




Cd 


56 


Calcium 




Ca 


20 


chloride oT 




Ca CI 


55-5 


» Carbon 




C 


6 


Carbonic acid 




C 0» 


22 
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Atoxic 
WnaHT. 


Naxi. 


Stxboii. 






Oxyg«,8L 


Carbonic oxide 


C 


14 


Cerium 






Ce 


46 


Chlorine 






d 


355 


Chromium . 






Cr 


28 


Cobalt 






Co 


29-5 


Copper 






Cu 


82 


protoxide of 






Cu 


40 


suboxide of 






Cu« 


72 


Fluorine 






Fl 


19 


Glucinum . 






Gl 


18 


Gold 






Au 


199 


Hydrogen . 






H 


1 


Iodine 






I 


126 


Iridium 






Ir 


99 


Iron 






Fe 


27 


sesquioxide of 






Fe*0« 


78 


protoxide of 


• 


Fe 


85 


Lead 


, 


Pb 


104 


carbonate of 






Pb 0, C 0« 


184 


chloride of 






PbCl 


189-5 


phosphate of 






2 Pb 0, P 0» 


868 


protoxide of 






Pb 


112 


sulphate of 






Pb 0, 8 0» 


152 


Lime 






CaO 


28 


carbonate of 






Ca 0, C 0* 


50 


sulphate of 






Ca 0, 8 0> 


68 


Lithium 






U 


6-5 


Magnesia . 






MgO 


21 


sulphate of 






Mg 0, 8 0» 


61 


Magnesium 






Mg 


18 


Manganesium 






Mn 


28 ^ 


protoxide of 






Mn 


86 
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Atoxic 






Wkioht. 


Naxi. 


Symbol. 






Oxygen, 8. 


Manganesium, sesquioxide of 


Mn«0» 


80 


Mercury .... 


Hg 


100 


subchloiideof 




Hg^a 


235-5 


chloride of 




Hga 


135-5 


oxide of 






HgO 


108 


suboxide of 






Hg«0 


208 


Molybdenum 






Mo 


48 


Nickel 






Ni 


29-5 


Nitrogen 






N 


14 


Osmium 






Os 


100 


Oxygen 









8 


Palladium . 






Pd 


53 


Phosphoric acid 






P0» 


72 


Phosphorous acid 






PO* 


56 


Phosphorus 






p 


82 


Platinum 






Pt 


09 


ammonio-chlori 


deof 




f (PtCl«+l 
\ N H* CI) 1 


223-5 


potassio-chloride of 




f (PtCl«+l 
I K CI) 1 


244-5 


Potassa 




K 


^7 


carbonate of 






K 0, C 0« 


69 


sulphate of 






KO,SO» 


87 


Potassium . 






K 


89 


chloride of 






K CI 


74-5 


Rhodium 






R 


52 


Selenium . 






Se 


40 


Silicium 






Si 


15 


Silver 






Ag 


108 


chloride of 






Ag CI 


143-5 


oxide of 






Ag 


116 


Soda 






Na 


81 


carbonate of 






Na 0, C 0« 


58 



398 



TABUt or ATcnao wiiuun. 







Avomo 


Naxb. 


SmoL. 






Oxygwi^S. 


Soda, sulphate of . 


Na 0, 8 0» 


n 


Sodium 




Na 


29 


chloride of 




NaCl 


&6*5 


Strontia 




8r 


52 


carbonate of . 




Sr 0, C 0« 


14 


sulphate of 




Sr 0. S 


99 


Strontium . 




Sr 


44 


chloride of 




Sr CI 


79-5 


Sulphur 




S 


16 


Sulphuric acid 




s o» 


40 


Sulphurous acid 




SO» 


82 






Ta 


185 


Tellurium . 




Te 


64 


Thorium 




Th 


60 


Tin . 




Sn 


50 


binoxide of 




Sn 0« 


75 


protoxide of 




Sn 


67 


Titanium 




Ti 


245 


Tungsten . 




W 


05 


Uranium 




U 


217 


Vanadium . 




V 


69 


Water 




H 


9 


Yttrium 




Y 


32 


Zinc 




Zn 


82 


oxide of 




Zn 


40 


Zirconium . 




Zr 


22-6 



INDEX TO THE MINERALS 



ENUMBBATED IN THE SECOND SECTION. 



AoHKm, 105, 176, 224 

ActynoUte, 115 

Aeflchynite, 140, 164, 219, 224 

Albite, 105, 181 

Allanite, 116, 182, 164 

AUophane, 181, 192 

Almninate of M>igi»iria, 125 

Alominite, 180 

Alum, 102 

Alam-alate, 182 

Analdxne, 105, 181 

Amblygonite, 105, 180 

Ammonalom, 107, 180 

Amphibole, 115, 126 

Anatftso;, 224 

Anaazite, 182 

Andetine, 105 

Andalasite, 182 

Anhydrite, 118 

Anorthite, 115, 116, 125, 181 

Anihiacite, 249 

Anthraconite. 118 

Antigonite, 126 

Anthofiderite, 176 

Antimonbloom, 210 

Antimonial Ghrey Copper, 191, 209 

Antunonial Lead Glance, 209 

Antimonial Nickel, 169, 281 

Antimonial Ochre, 209 

Antimonial Bilrer, 198, 200 

Antimonocker, 108 

Antimonailber Blende, 198 

Antrimolite, 108 

Apatite, 114 



ApoUaa, 114 

Apophyllite, 102, 114 

Aphrodite, 126 

Aqnerite, 200 

Argent Bouge Anenie, 281 

AigentiferooB Copper Glance, 190, 199 

Aisillaoeons Ironstone, 174 

ArLuiBite, 224 

Anagonite, 110, 118 

Aneniate of Iron, 174, 281 

Arseniate of Lead, 281 

Arsenical Antimonial Silver, 281 

Arsenical Antimony, 209, 231 

Arsenical Iron, 174 

Arsenical Nickel, 168, 281 

Arsenical Pyrites, 281 
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Harmotome, 115, 131 
Harringtonite, 105 
Hausmannite, 108, 161 
Heavy Spar, 108, HO 
Hedenbergite, 115 
Helvine, 138, 161 

Hemiprismatic Oliye Malachite, 188 
Hemipriamatic Buby Blende, 198 
Hepatic Cinnabar, 201 
Hetoposite, 161, 176 
Heolandite, 114 
Hisingerite, 175 
Holmite, 116 
Honeystone, 132 
Hornblende, 115 
Horn QuicksilTer, 201 
Horn Sflyer, 199 
Horn Stone, 251 
Huraulite, 161, 176 
HuTonite, 116 

Humboldtilite, 103, 105, 176 
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Bealgar, 281 

Bed Antimonial Ore, 209 
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Bed Oxide of Zinc, 164 
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Bed Vitriol, 166 
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SahUte, 115 
Saltpetre, 102 
Samarakite, 219 
Sandstone, 132 
Sapphire, 130 
SauBSurite, 105 
Sassoline, 107 
Scapolite, 115, 181 
Scheelitine, 188 
^ Scheelbleispath, 215 
Scfaiefenpar, 118 
SchiUenpar, 126, 227 
Schorl, 102 
Schriften, 200 
SchwartK-knpfer, 169 
Schwarzbleierz, 183, 184 
Schwentein, 114, 215 
Soolecite, 115, 181 
Selenblei, 287 
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Selenide of Copper, 190, 237 
Selenide of Copper and Lead, 182, 190 
Selenide of Lead, 182, 199, 287 
Selenide of Lead and Copper, 182, 192, 

287 
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Selensilber, 200 
Serpentine, 116, 125, 227 
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Soda Felspar, 105 
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Striegisane, 132 
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Sulphate of Magnesia, 125 
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Sulphate of Zinc, 164 
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Sulphide of Mercury, 201 
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TachvUte, 103, 107 

Tagalite, 192 
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Tamela-Tantalite, 161 

Tantalite, 161, 176, 215, 219 
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TeUurblei, 200 

Telluric Bismuth, 186, 229, 287 
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Tephroite, 161 

Terbia, 141 

Tetartine, 105 
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Tetraphjline, 161, 176 

Thomsonite, 105 

Thoneisenstein, 174 

Thonerde, 182 

Thorite, 152, 189 

Thrombolite, 192 

Thuringite, 176 

Tin Pyrites, 191, 207 
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Tincal, 105 

Titaneisen, 224 
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Titani&rous Oxidulated Iron, 174 

Titanite, 114, 124 
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Tritomite, 154 
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Tungrtate of Lead, 188, 216 
Tnngftate of Lime, 215 
Tnngstic Acid, 216 
Tutty, 164, 184 

Umber, 161 
TJranbloom, 189 
Uianite, 188 
Uran Ochie, 188 
Unmotantalam, 189 
Uranpedien, 188 
IJranTitrio], 189 
Uno, 104 
Urwarowite, 227 

Yanqueliiiite, 188, 192, 227 
Yanadiate of Lead, 188, 217 
Yaniadiate of Lime, 217 
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Yarridte, 161 
Yesuyian, 115 
Yillanite, 126 
Yitieons Copper, 190 
Yitrid-oker, 175 
YiTianite, 176 
Yolbartite, 192, 217 
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YolUite, 164 
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WayeUite, 180 
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Weiugiltigers, 174, 

209 
WeiMite, 103 
WeiMDickel, 168 
Weiiiiiickelkiet, 281 
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Weti»«lTBneis, 198 
WeissteUnr, 200 
Werkblei, 184 
Weraeiite, 115 
White Antimonj, 209 
White Cobalt, 166 
White Lead Ore, 183 
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Wohlerite, 105, 149, 219 
Wolchonfkite, 227 
WoUiam, 160, 174, 215 
WoUafltonite, 114 
Worthite, 182 
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TeUow Earihy Cobalt, 166 
Tellow Menaocaiiite, 114 
TeUow TeUarimn, 182, 198, 205, 229 
TeUow Tttro-tantaUte, 114, 140, 188 
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Yttria-phosphate, 140 
Yttreeeiite, 140, 154 
Yttrotantaliie, 114, 140, S19 
Yttrodtanite, 141, 224 
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Z^bmite, 125, 180 
Zinc Blende, 168, 181 
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ZindfiBrone Spinel, 164 
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Zinnkiea, 192 
Zircon, 149 
Zoisite, 115, 180 
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Pag« 52, bottom line, /or emerald-green, read smetliyiline-Tiolet. 

,, 126, line 21, /or Leachtenbeigerite, rwd Leuchtenbeigite. 

„ 131, „ ^,for Aoadime, read Analcime. 

„ 176, „ 8, /or HumboldtiterAuiHiimboldtilite. 

„ 192, „ 24, /or Blestein, r«ui Bleifltein. 

„ 192, „ 2B,for Euperwismnthen, read Enpferwifmnihers. 

„ 226, „ 8, /or Titantiferous, read Titaniferou. 
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^^9^^^ - -5«--^5!»>f 




JOHN CHURCHILL & SONS* PUBLICATIONS. 
-i-« : .-4^ 

MR. H. T. CHAPMAN, F.R.C.S. 
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ON THE STRUCTURE AND DISEASES OF THE TESTIS. 
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n Second Edition. Fcap. 8to. cloth, 7>. 6d. m 

^f<»«"« — - - -- .... i^^g^ 






JOHN CHURCHILL & SONS* PUBLICATIONS. 



} 



A DICTIONARY OF PRAClfcAL'siJEGERY AND ENCYCIX). 

PiEDIA OF SURGICAL SCIENCE. New Edition, biooght down to the prcMni 
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LUNGS AND HEART. Second Edition. Post 8to. cloth, 8f. 
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ILLUSTRATIONS OF DIFFICULT PAETURITION. Post 8to. 

cloth, 6f . 6d. »M^.., 

MR. DIXON. 

A GUIDE TO THE PRACTICAL STUDY OF DISEASES OF 
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planation of the Physical Properties, Composition, and Uses of the Urine, of the Functions 
of the Kidneys, and of the Treatment of Urinary Disorders. With Twenty-fimr En- 
gravings. Post 8vo. doth, 5s. 
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THE SUCCESSFUL TREATMENT OF SCARLET FEVEE; 

also, OBSERVATIONS ON THE PATHOLOGY AND TREATMENT OF 
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AS DISPLAYED IN THE SENSE OF VISION; being the Actonian Prize Essay 
for 1851. With IllastFations on Steel and Wood. Foolscap 8vo. doth, 4«. 6d. 
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charge from Leucorrhoea and Sores to produce Urethritis : with a variety of Examples, 
Experiments, Remedies, and Cures. 8vo. doth, £1. 5s. 
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DR. LACNNEC. £ 

A MANUAL OF AUSCULTATION AND PERCUSSION. TnuB- 

lated and Edited bj J. a Sharps, M.R.C.S. S«. 

DR. LANE, M.A. 

HTDROPATHT; OR. HYGIENIC MEDICINE An Expi*nata.y 

EMay. Second Edition. Pott 8to. clotb, 6f. 

MR. LAWRENCE, F.R.8. 

LECTURES ON SURGERY. 8vo. doth, 16«. 

A TREATISE ON RUPTURES. The Fifth EdiUon, considcniblj 

enlaiged. 8to. cloth, 16$. 

DR. LEARED, M.R.C.P. 

IMPERFECT DIGESTION: ITS CAUSES AND TREATMENT. 

Second Edition. Foolscap 8to. cloth, St. 6d, 



DR. EDWIN LEE. 

THE EFFECT OF CLIMATE ON TUBERCULOUS DISEASE. 

with Notices of the chief Foreign Places of Winter Resort. Small Bvo. doth, 4m. 6«L 

THE WATERING PUCES OF ENGLAND, CONSIDERED 

with Reference to their Medical Topography. Fourth Edition. Foolscap 8vo. cloth, 
7s. 6d. 

^ in. 

t THE BATHS OF RHENISH GERMANY. Post 8vo. doth, 3,. 
HOM(EOPATHT AND HYDROPATHY IMPARTIALLY AP- 

PRECIATED. With Notes illustrative of the Influence of the Mind over the Body- i 
Fourth Edition. Post 8vo. cloth, Ss. 6d. , 
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MR. HENRY LEE, F.R.G.8. 

ON SYPHILIS. Second Edition. With Plates. 8vo. doth, 10*. 



DR. ROBERT LEE, F.R.8. 

A TREATISE ON THE SPECULUM; with Three Hundred Cases. 
8vo. cloth, At. 6d. 

CLINICAL REPORTS OF OYARIAN AND UTERINE DIS- 

EASES, with Commentaries. Foolscap 8vo. cloth, 6s. 6d. 

nu 
CLINICAL MIDWIFERY: comprising the Histories of 545 Cases of \ 

Diffioult, Preternatural, and Complicated Lahour, with Commentaries. Second Edition. ^ 
Foolscap 8vo. doth, 5s. (C 

i PRACTICAL OBSERVATIONr ON DISEASES OF THE 

a UTERUS. With coloured Plates. Two Parts. Imperial 4to., 7s. 6rf. each Part. 
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MR. LI8TON. F.R.8. i 

PKACTICAL SURGERY. Fourth EditioD. 8vo. cloth, 22*. * 



MR. H. \A^. LOBB, L.S.A., M.R.C.S.E. 

ON SOME OF THE MORE OBSCURE FORMS OF NERVOUS 

AFFECTIONS, THEIR PATHOLOGY AND TREATMENT. With an 
Introduction on the Physiology of Digestion and Assimilation, and the Generation and . 
Distribution of Nerve Force. Based upon Original Microscopical Observations. With 
Engravings. 8vo. cloth, lOf. 6d. 

LONDON MEDICAL SOCIETY OF OBSERVATION. 

WHAT TO OBSERVE AT THE BED- SIDE. AND AFTER 

DEATH. Published by Authority. Second Edition. Foolscap 8to. cloth, 4f. 6d, 
DR. MACKENZIE, M.D., M.R.C.P. 

THE PATHOLOGY AND TREATMENT OF PHLEGMASIA 

DOLENS, as deduced from Clinical and Physiological Researches. Being the Lettsomian 
Lectures on Midwifery, delivered before the Medical Society of London during the 
Session 1861-62. 8vo. cloth, 6fc 

MR. M*CLELLAND, r.L.8., P.Q.S. 

SKETCH OF THE MEDICAL TOPOGEAPHY, OR CLIMATE 

AND SOILS, OF BENGAL AND THE N. W. PROVINCES. Post 8vo. 
cloth, 48. 6d, 

DR. QEORQE H. B. MACLEOD, F.R.O.S. (EOIN.) 

NOTES ON THE SURGERY OF THE CRIMEAN WAR; with 

REMARKS on GUN-SHOT WOUNDS. 8vo. cloth, 10«. 6d. 



MR. JOSEPH MACLiSE, F.R.C.8. 
I. 

SURGICAL ANATOMY, a Series of Dissections, illustrating the Prin- 
cipal Regions of the Human Body. 
The Second Edition, imperial folio, doth, £3. 129.; half-morocco, £4. 4f. 

ON DISLOCATIONS AND FRAOTUEES. This Work is Uniform 
with the Author^s ^ Surgical Anatomy;" each Fasciculus contains Four beautifully 
executed Ldthographic Drawings. Imperial folio, cloth, £2. 10«.; half-morocco, £2. 17«. 



DR. MONICOLL, M.R.C.P. 

A HAND-BOOK FOR SOUTHPORT, MEDICAL & GENERAL; 

with Copious Notices of the Natural History of the District. Second Edition. Post 8vo. 
cloth, a*. 6d. 

DR. MARCET. r.R.8. 

ON THE COMPOSITION OF' FOOD, AND HOW IT IS 

ADULTERATED; with Practical Directions for its Analysis. 8vo. cloth, 6«. 6d. 

ON CHRONIC ALCOHOLIC INTOXICATION; with an lnquiry 

INTO THE INFLUENCE OF THE ABUSE OF ALCOHOL AS A PRE- 
DISPOSING CAUSE OF DISEASE. Second Edition, much enlarged. Foolscap 
8vo. cloth, is, 6i. 
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DR. MARKHAM. 

DISEASES OF THE HEART?' THEIR PATHOLOGY. DIAG- 
NOSIS, AND TREATMENT. Second Edition. Post 8vo. cloth, &. 

SKODA ON AUSCULTATION 'and PERCUSSION. Post Svo. 

cloth, 6«. 

81R RANALD MARTIN, K.O.B., F.R3. 

INFLUENCE OF TROPICAL CLIMATES IN PRODUCING 

THE ACUTE ENDEMIC DISEASES OF EUROPEANS; inclodmg Practical 
ObserrationB on their Chronic Sequelae under the Influences of the Climate of Europe. 
Second Edition, much enlarged. 8va cloth, 20s. 



DR. MASSY. 

ON THE EXAMINATION OF RECRUITS; intended for the Use of 

Young Medical Officers on Entering the Anny. 8vo. doth, 5$, 

MR. C. F. MAUNDER, F.R.O.8. 

OPERATIVE SURGERY. With 168 Engravings. Post 8vo. 6*. 



DR. MAYNE. 9 

AN EXPOSITORY LEXICON 'oF THE TERMS, ANCIENT $ 

AND MODERN, IN MEDICAL AND GENERAL SCIENCE, including a com- f 

plete MEDICAL AND MEDICO-LEGAL VOCABULARY, and presenting the \ 

correct Pronunciation, Derivation, Definition, and Explanation of the Names, Analogues, « 

Synonymes, and Phrases (in English, Latin, Greek, French, and German,) employed in ^ 
Science and connected with Medicine. Complete in 10 Parts, price 5s. each. The entire 

work, cloth, £2. 10s. I 

IL I 

A MEDICAL VOCABULARY ; or, an Explanation of all Names, 

Synonymes, Terms, and Phrases used in Medicine and the relative branches of Medical I 
Science, intended specially as a Book of Reference for the Young Student Second 
Edition. Fcap. 8to. cloth, Rs. 6d, j 

DR. MILLINQEN. 

ON THE TREATMENT AND MANAGEMENT OF THE IN- I 

SANE; with Considerations on Public and Private Lunatic Asylums. 18mo. doth, 
4s. Sd, 



DR. W. J. MOORE, M.D. 

HEALTH IN THE TROPICS; or, Sanitaiy Art appHed to Emopeans 
in India. Svoi. doth, 9s. 

XI. 

A MANUAL OF THE DISEASES OF INDIA. Fcap. 8vo. cloth, 5*. 

DR. NOBLE. 

i THE HUMAN MIND IN ITS RELATIONS WITH THE 

M BRAIN AND NERVOUS SYSTEM. Po.t 8vo. cloth, 4.. 6d. 
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MR. NUNNELEY, F.R.C3.E. 

ON THE ORGANS OF VISION: their anatomy and phy. 

SIOLOOY. With Plates, 8vo. cloth, \6s. 

A TREATISE ON THE NATURE. CAUSES, AND TREATMENT 

OF ERYSIPELAS. Sto. cloth, 10«. 6d. 



DR. O'REILLY. 

THE PLACENTA. THE ORGANIC NERVOUS SYSTEM, 

THE BLOOD, THE OXYGEN, AND THE ANIMAL NERVOUS SYSTEM. 
PHYSIOLOGICALLY EXAMINED. With EngraYiDga. 8to. cloth, 5s. 



MR. LANQ8TON PARKER. 

THE MODEEN TREATMENT OF SYPHILITIC DISEASES, 

both Primary and Secondary; comprising the Treatment of Constitutional and Confirmed 
Syphilis, by a safe and successful Method. Fourth Edition, Sto. cloth, lOs. 



OR. PAVY, M.O, F.R.O.P. 

RESEARCHES ON THE NATURE AND TREATMENT OF 

DIABETES. 8m doth, 8«. 6(/. 



OR. THOMAS B. PEAOOOK. M.O. 

ON THE INFLUENZA, OR EPIDEMIC CATARRHAL FEVER 

OF 1847-8. 8to. cloth, 6t. ScL 



MR. OLIVER PEMBERTON, M.R.Q.8. 

OBSERVATIONS ON THE HISTORY. PATHOLOGY, AND 

TREATMENT OF CANCEROUS DISEASES. Part L — M«lanobi8. With 
coloured Plates. Royal 8vo. cloth, As. 6d, 



DRi PARKE8 F R.OkP 

t THE URINE: ITS composition' in health and disease, i 

f AND UNDER THE ACTION OF REMEDIES^ 8vo. cloth, 12s. 

J TlIE CAUSATION AND PREVENHON OF DISEASE. 

» 6vo. cloth, 5s. 

► MR. JAMES PART, F.R.O.8. 

THE MEDICAL AND SURGICAL POCKET CASE BOOK, 

for the Registration of important Cases in Private Practice, and to assist thd Student of 
Hospital Practice. Second Edition. 2s. 6d. 



DR. PEREIRA, F.R.8. 

SELECTA E PR^SCRIPTIS : with a Key, containing the Prescriptions i 

in an Unahbreviated Form, and a lateral Translation. Thirteenth Edition. 24mo. Jy 

cloth, Ss. 9 
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DR. PICKFORD. 

HYGIENE; or, Health as DepeDding upon the Conditions of the Atmo- 
•phere. Food and Drinks, Motion and Rest, Sleep and WakefahieM, Secpetiona, 
Excretions, and Retentions, Mental Emotions, Clothing, Bathing, &c Vol I. 8to. 

cloth, 98, 

MR. -PIRRIB, F.R.8.E. 

THE PRINCIPLES AND PRACTICE OF SURGERY. Wiu. 

nnmerotts Engrayings on Wood. Second Edition. 8vo. cloth, 24«. 

PHARMACOPEIA COLLEGII REGALIS MEDICORUM LON- 

DINENSIS. 8to. cloth, 9«.; or 24mo. 5«. 

Imprimatur. 

Hie liber, cui ti tolas, PHAiufA00P(BiA Collkoii Regalis Msdioorum LovDnmrsn. 
Datum ex .^idibus CoUegii in comitiis censoriis, Novembris Mensis li^ 1850. 

J0HASHX8 Atrion Paris. /Vd 



PROFESSORS PLATTNER St. MU8PRATT. 

THE USE OF THE BLOWPIPE IN THE EXAMINATION OF 

MINERALS, ORES, AND OTHER METALLIC COMBINATIONS. lUuatiated 
by numerous Engrayings on Wood. Third Edition. 8yo. cloth, lOs. 6d, 



DR. HENRY PRATT, M.D., M.R.C.P. J 

THE GENEALOGY OF CEEATION, newly Translated from the I 
Unpointed Hebrew Text of the Book of Genesis, showing the General Scientific Accnmcy ft 
of the Cosmogony of Moses and the Philosophy of Creation. Syo. cloth, 14«. ^ 

ON ECCENTRIC AND CENTRIC FORCE: A New Theory of | 

Projection. With Engravings. 8vo. cloth, 1U«. 1 

THE PRESCRIBER'S PHARMACOPEIA ; containing all the Medi- * 

cines in the London Pharmacopoeia, arranged in Classes according to their Action, with 
their Composition and Doses. By a Practising Physician. Fourth Edition. 32mo. | 
cloth, 2». 6d,i roan tuck (for the pocket), 3«. 6^. 

DR. JOHN ROWLISON PRETTY. I 

AIDS DURING LABOUR, including the Administration of Chloroform, I 
the Management of Placenta and Post-partum Haemorrhage. Fcap. 8to. cloth, 4s. 6<L 

MR. LAKE PRIOE. i 

PHOTOGRAPHIC MANIPULATION: Treating of the Practice of ,' 

the Art, and its various appliances to Nature. With Fifty Engravings on Wood. Post 

8vo. cloth, 6s. 6d. -. 

MR. P. O. PRICE, r.R.O.S.E. 

SCROFULOUS DISEASES OF THE EXTERNAL LYMPHATIC 

GLANDS: their Nature, Variety, and Treatment; with Remarks on the Management 
of Scrofulous Ulcerations, Scars, and Cicatrices. Post 8vo. ck>th, 3». 6(L 

THE WINTER CLIMATE OF MENTON, with hints to 

INVALIDS INTENDING TO RESIDE THERE. Fcap. 8vo. cloth, Ss. 
DR. PRIESTLEY. 

LECTURES ON THE DEYELOPMENT OF THE GRATID 

UTERUS. 8vo. doth, 5». 6rf. 
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DR. RADCLIFFE, F.R.O.P. LOND. 

* ON EPILEPTIC ANI) OTHER CONVULSIVE AFFECTIONS * 

OF THE NERVOUS SYSTEM. Third Edition. Poat 8vo. cloth, 7». 6J. 
MR. RAINEY. 

ON THE MODE OF FOKMATION OF SHELLS OF ANIMALS, 

OF BONE, AND OF SEVERAL OTHER STRUCTURES, by a Process of 
Molecular Coalescence, Demonstrable in certain Artificially-formed Products. Fcap. 8vo. 
cloth, 48, 6d. 

DR. F. H. RAM8BOTHAM. 

THE PRINCIPLES AND PRACTICE OF OBSTETRIC MEDI- 

CINE AND SURGERY. Illustrated with One Hundred and Twenty Plates on Steel 
and Wood; forming one thick handsome volume. Fourth Edition. 8vo. doth, 22«. 

DR. RAMSBOTHAM. 

PRACTICAL OBSERVATIONS ON MIDWIFERY, with a Selection 

of Cases. Second Edition. 8to. cloth, 12«. 



PROFESSOR REDWOOD, PH.D. 

A SUPPLEMENT TO THE PHARMACOPEIA: A concise but 

comprehensive Dispensatory, and Manual of Facts and Formulae, for the use of Practi- 
tioners 'in. Medicine and Pharmacy. Third Edition. Sto. doth, 225. 

DR. DU BOIS REYMOND. 

ANIMAL ELECTRICITY ; Edited by H. Bence Jones, M.D., F.R.S. 

With Fifty Engravings on Wood. Foolscap 8vo. cloth, 6s. 



DR. REYNOLDS. M.D., LOND. 

EPILEPSY: ITS SYMPTOMS, TREATMENT, AND RELATION 

TO OTHER CHRONIC CONVULSIVE DISEASES. 8vo. cloth, 10s. 

THE DIAGNOSIS OF DISEASES OF THE BRAIN, SPDfAL 

CORD, AND THEIR APPENDAGES. Hvo. cloth, 8s. 



DR. B. W. RIOHARDSON. 

ON THE CAUSE OF THE COAGULATION OF THE BLOOD. 

Being the Astlxy Coopkr Pkizb Essay for 1856. ' With a Practical Appendix. 
8ro. cloth, 168. 

THE HYGIENIC TREATMENT* OF PULMONARY CONSUMP- 

TION. 8vo. cloth, &. 6d. 

III. 

THE ASCLEPIAD. Vol. I., Clinical Easajs. 8vo. cloth, 6«. ed. t 



MR. NA/ILLIAM ROBERTS. 

4 AN ESSAY ON WASTING PALSY; being a Systematic Treatise on 
V the Disease hitherto described as ATROPHIE MUSCULAIRE PROGRESSIVE. ^ 

9 With Four Plates. 8yo. cloth, 78,60. \\ 
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DR. W. H. ROBERTSON. 

THE NATURE AND TREATMENT OF GOUT. 

8to. doth, \0i,6d. 

A TREATISE ON DIET AND REGIMEN, 

Fourth Edition. 2 toIs. pott 8to. doth, 12«. 



DR. ROUTH. 

INFANT FEEDING, AND ITS INFLUENCES ON UFE; 

Or, the Canset and Preyentlon of Infant Mortal ity^. Fcap. 8to. doth, 6$. 



DR. ROWE. 

NERVOUS DISEASES. LIVER AND STOMACH COM-- 

PLAINTS, LOW SPIRITS, INDIGESTION, GOUT, ASTHMA, AND DIS- 
ORDERS PRODUCED BY TROPICAL CLIMATES. With Caacs. Sixteenth 
Edition. Fcap. Bto. 2f. 6<f. 

DR. ROYLE. FJR.B., AND DR. HEADLAND, M.D. 

A MANUAL OF MATERIA MEDICA AND THERAPEUTICS. 

With numerous Engravings on Wood. Third Edition. Fcap. Sto. cloth, I2«. 6tf. 
MR. RUM8EY, F.R.O.8. 

ESSAYS ON STATE M EDICINE 8vo. cioU.. lo*. 6d: 

DR. RYAN, M.O. 

INFANTICIDE; its law, prevalence, prevention, and 

HISTORY. 8vo. cloth, fi«. 

ST. BAETHOLOMEW'S HOSPITAL: 

A DESCRIPTIVE CATALOGUE OF THE ANATOMICAL MUSEUM. 

Vol. L (1846), 8vo. cloth, 6».; 
Vol. IL (1851), 8yo. doth, 6«.i 
VoL IIL (1862), 8vo. cloth, 6a 
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DR. SALTER, FJLQ, 

ON ASTHMA: its Patholog}% Causes, Conseqaences, and Treatment. 
8yo. doth, 10«. 

MR. SAVORY. 

A COMPENDIUM OF DOMESTIC MEDICINE, AND COMPA- 

NION TO THE MEDICINE CHEST; intended u a Source of Easy Reference for 
Cletvymen, and for Families residing at a Distance from Professional Asustanoe. 
Six£ Edition. 12mo. doth, 6«. 

DR. SCHAOHT. 

THE MICROSCOPE, AND ITS APPLICATION TO VEGETABLE 

. ANATOMY AND PHYSIOLOGY. Edited hy Frederick Currey, M.A. Fcap. 
8to. cloth, 6«. 

DR. SOORESBY-JAOKSON, M.D., P.R.S.E. 

MEDICAL CLIMATOLOGY ; or, a Topographical and Meteorological i 
Description of the Localities resorted to in Winter and Summer hy InyaUds of Tarions i}' 
classes both at Home and Abroad. With an Isothermal Chart. Post 8to. doth, 12k. 9 
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DR. 8EMPLE. 

ON COUGH : its Causes, Varieties, and Treatment. With some practical 
Remarks on the Use of the Stethoscope as an aid to Diagnosis. Post 8vo. cloth, 4». 6d. 



DR. SEYMOUR. 

ILLUSTRATIONS OF SOME ""OF THE PRINCIPAL DIS- 

EASES OF THE OVARIA: their Symptoms and Treatment; to which are prefixed 
Observations on the Structure and Fanctions of those parts in the Human Being and in 
Animals. With 14 folio plates, 12s. 

THE NATURE AND TREATMENT OF DROPSY; considered 

especially in reference to the Diseases of the Internal Organs of the Body, which most 
commonly produce it. Svo. Bs. 

DR. SMARTER, M-D^ r.R.C.P. 

THE CLIMATE OF THE SOUTH OF DEVON, AND ITS 

INFLUENCE UPON HEALTH. Second Edition, with Maps. Svo. cloth, 10s. 6<i. 



MR. SHAW, M.R.C.S. 

THE MEDICAL REMEMBRANCER; OB, BOOK OF EMER- 

GENCIES : in which are concisely pointed out the Immediate Remedies to he adopted 
in the First Moments of Danger from Poisoning, Apoplexy, Bums, and other 
Accidents; with the Tests for the Principal Poisons, and other useful Information. 
Fourth Edition. Edited, with Additions, hy Jonathan Hutchinson, M.R.C.S. 32mo. 

cloth, 28. ed. w. 

DR 8IB80N F R 8 

^ MEDICAL ANATOMY, with coloured Plates, Imperial Mo. Fasci- 
culi I. to VI. 5s. each. ^^^.^^^.^^^.^^n w 

DR. E. H. SIEVEKINQ. 

ON EPILEPSY AND EPILEPTIFORM SEIZURES: their 

Causes, Pathology, and Treatment. Second Edition. Post 8to. cloth, 10s. 6d» 



MR. SINCLAIR AND DR. JOHNSTON. 

PRACTICAL MIDWIFERY : Comprising an Acconnt of 13,748 Beli- 
Teries, which occurred in the Dublin Lying-in Hospital, during a period of Seven Years. 
Svo. cloth, 15s. 

MR. ALFRED 8MEE. F.R.S. 

GENERAL DEBILITY AND DEFECTIVE NUTRITION; their 

Causes, Consequences, and. Treatment. Second Edition. Fcap. Svo. doth, Ss. Qd. 



DR. 8MELLIE. 

OBSTETRIC PLATES : being a Selection from the more Important and 
Practical Illustrations contained in the Original Work. With Anatomical and Practical 
Directions. Svo. cloth, 6s. 

MR. HENRY SMITH, P.R.C.d. 

., ON STRICTURE OF TBffi URETHRA 8vo. doth, 7*. 6rf. 

. HEMORRHOIDS AND PROLAPSUS OF THE RECTUM: 

V Their Pathology and Treatment, with especial reference to the use of Nitric Acid. Third 

ft Edition. Fcap. Svo. doth, 3r. 
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DR. W. TYLER SMITH. 1 

A MANUAL OF OBSTETRICS, THEORETICAL AND PRAC- 

TICAL. lUoftnited with 186 EngraTutgi. Fcap. 8to. cloth, 12«. 6<L 

THE PATHOLOGY AM) TREATMENT OF LEUCOBRHCEA. 

With Engxavingi on Wood. 8vo. cloth, 7«. 



DR. 8 NOW. 

ON CniiOROFORM AND OTHER ANESTHETICS: their 

ACTION AND ADMINISTRATION. Edited, with a Memoir of the Author, by 
Benjamin W. RichardBon, M.D. 8to. doth, \0m. 6d, 



DR. STANHOPE TEMPLEMAN 8PEER. 

PATHOLOGICAL CHEMISTRY, IN ITS APPLICATION TO 

THE PRACTICE OF MEDICINE. Translated from the French of MM. Rsoqueesl 
and RoDiBB. 870. cloth, reduced to 81. 
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DR. 8TEQQALL. 

students' books fob EXAIOKATION. 

I. 

A MEDICAL MANUAL FOR APOTHECARIES' HALL AND OTHER MEDICAL 

BOARDS. Twelfth Edition. 12mo. cloth, 10«. 4 

u. 

A MANUAL FOR THE COLLEGE OF SURGEONS; intended for the Use j 

of Candidates for Examination and Practitioners. Second Edition. 12mo. doth, 10«. 

III. 

GREGORY'S CONSPECTUS MEDICINE THEORETICiE. The First Part, con- I 

taining the Original Text, with an Ordo Verborum, and Literal Translation. ]2mo. ' 
cloth, lOf. I 

IV. I 

THE FIRST FOUR BOOKS OF CELSUS; containing the Text, Ordo Verb- 
orum, and Translation. Second Edition. 12mo. cloth, 8s. 

V. 

FIRST LINES FOR CHEMISTS AND DRUGGISTS PREPARING FOR Ex- 
amination AT THE PHARMACEUTICAL SOCIETY. Second Edition 
18mo. doth, 3». 6d. 



MR. dTOWE. M.R.0.8. 



A T0XIC0L06ICAL CHART, exhibiting at one view the Sjmptoms, |i 

Treatment, and Mode of Detecting the yarious Poisons, Mineral, Vegetable, and Animal. * 

To which are added, concise Directions for the Treatment of Suspended Animation. ' 
Eleyenth Edition. On Sheet, 2«.; mounted on Roller, 5«. 
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OBSTETEIC APHORISMS FOR THE USE OF STUDENTS 

COMMENCING MIDWIFERY PRACTICE. With Engravings on Wood. Second 
Edition. Fcap. 8yo. doth, 3«. 6d. 

MR. TAMPLIN. F.R.C.8.E. 

LATERAL CURVATURE OF THE SPINE: its Causes, Nature, and 
Treatment. 8to. cloth, 4«. 

DR. ALEXANDER TAYLOR, F.R.S.E. 

THE CLIMATE OF PAU; with a Description of the Watering Places 

of the Pyrenees, and of the Virtoes of their respective Mineral Sources in Disease. Third 
Edition. Post 8to. cloth, 7s. 



A MANUAL OF MEDICAL JURISPRUDENCE. Seyenth Edition. 

Fcap. 8to. cloth, 12».6<f. 

II. 

ON POISONS, in relation to MEDICAL JURISPRUDENCE AND 
MEDICINE. Second Edition. Fcap. 8vo. cloth, I2a. 6d. 



MRs TEALB. 

ON AMPUTATION BT A LONG AND A SHORT RECTAN- 

GULAR FLAP. With Engravings on Wood. 8vo. cloth, 5f. 



DR. THEOPHILU8 THOMPSON, F.R.S. 

CLINICAL LECTURES ON PULMONARY CONSUMPTION. 

With Plates. 8vo. cloth, 7f. 6d. 

LETTSOMIAN LECTURES ON PULMONARY CONSUMPTION; 

with Remarks on Microscopical Indications, and on Cocoarnnt Oil. Post 8to., 2«. 6<i. 



DR. THOMAS. 

THE MODERN PRACTICE OF PHYSIC; exhibiting the Symp- 

toms, Causes, Morhid Appearances, and Treatment of the Diseases of all Climates. 
Eleventh Edition. Revised hj Algbrnon Frampton, M.D. 2 vols. 8vo. cloth, 28<. 
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MR. HENRY THOMPSON, F.R.O.S. 

STRICTURE OF THE URETHRA; its Pathology and Treatment. 
The Jacksonian Prize Essay for 1852. With Phites. Second Edition. 8vo. cloth, 10«. 

THE DISEASES OF THE PROSTATE; their Pathology and Treat- 

ment Comprising a Dissertation ^ On the Healthy and Morhid Anatomy of the Prostate 
Qland;*^ heing the Jacksonian Prize Essay for 1860. With Pktes. Second Edition. 
8vo. doth, 10s. 

DR. THUDICHUM. 

A TREATISE ON THE PATHOLOGY OF THE URINE, 

Inclading a complete Onide to it* AnolTiia. With Platei, 8to. doth, 14<. \ 
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DR. TILT. 

ON UTERINE AND OVARIAN INFLAMMATION, AND ON 

THE PHYSIOLOGY AND DISEASES OF MENSTRUATION. Third Ediuon. 
8to. cloth, 12«. 

THE CHANGE OF OFE In"" HEALTH AND DISEASE: m 

Practical Treatiee on the Nerroos and other Affectioni incidental to Women at the Dedine 
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